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. THE INFLUENCE OF THE VAGUS ON PANCREATIC 
SECRETION. By G. Von ANREP. 


: “Grom the Physiological Laboratories of the Medical Academy, 
Petrograd, and of University College, London.) 


In 1888 Pavlova) proved the existence in the vagi of secretory 
fibres for the pancreas, and as a result it was generally accepted that 
no great difference existed between the secretory mechanism of the 
pancreas and that of other glands, such as the salivary. Further work 
. along Pavlov’s lines led to the demonstration of secretory fibres in the 
splanchnics and to the discovery by Pavlova) and Kudrevezki of 
fibres in the vagus which diminish or abolish the secretion. These 
fibres were reéognised by Popielski« as specific secreto-inhibitory. 
It was then found that atropin, which paralyses the secretory fibres of 
the vagus, had no effect on the secretion obtained by the injection of 
hydrochloric acid in the small intestine, which could indeed be obtained 
_ after the total nervous system of the animal was destroyed, and that 
in dogs with chronic fistulae the pancreas could secrete well after 
section of both vagi and both splanchnics, These observations seem to 
obscure the question which had apparently been solved by Pavlov’s 
diseovery, and the demonstration by Bayliss and Starling@ in 1902 of 
the secretory mechanism not only convinced physiologists of the humoral 
mechanism of the secretion but inclined many to accept this discovery 
as superseding that of Pavlov. It was thought that the results of 
Pavlov’s experiments might be explained by contraction of the ducts of 
the pancreas, or by the passage of the acid contents of the stomach 
into the duodenum, so that for a time Pavlov’s school was the only one 
which, while recognising the humoral mechanism«, was convinced also 
of the reality of a nervous mechanism for pancreatic secretion. Recent 
results have tended to confirm more and more the dualistic point of | 
view of the Pavlov school, and the idea of Popielski@ and his co- 
workers that the action of acid in the arousing of pancreatic secretion 
is effected simply by a peripheral reflex, has met with no adherence 
among other physiologists’. 

- 1 A full account of the history of the question and of the standpoint of the Russian 


school is given in Professor Babkin’s Die dusere Sekretion der Verdauungedriisen, 
pp. 296-811, 1914. 
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VON ANREP. 
While the physiologists of the Popielski school, on the one teal, 


maintain that all the phenomena of pancreatic secretion are to be 


explained by a nervous mechanism, there is not a lack of opinion in 
exactly the reverse direction, namely, that the entire mechanism is a 
humoral one. Thus Terroine holds such a view, although he is 
unable to advance any experimental evidence in favour of it. . 

At the suggestion of Prof. Pavlov I have endeavoured to control — 
the results obtained by and to extend our of 
subject. . 

.If the peripheral nd of the vagus be stimulated, the first ian: 
lation i is generally without effect. The next. few stimulations usually 
give secretion, but only after a very long latent period. With repetition 
of the stimulation the latent period gets steadily shorter, so that, finally 
the flow of juice may start within a few seconds of the commence-— 
ment of stimulation. This peculiarity of the vagal stimulation was 
described by Pavlova and confirmed by Kudrevezkia, Mettw and 


 Popielski@, Mett, however, found that stimulation of one vagus may 


arrest secretion already. in progress as a result of stimulation of the 
other vagus. It seems, therefore, that there are two antagonistic . 
influences exercised by the vagus, secretory and inhibitory, and that is _ 

the reason, according to Pavlov@, why such a long latent period 
intervenes between the early stimulations and the flow of juice, a 
rapid secretion only occurring after the inhibitory fibres have been tired 
by repeated stimulation. The same inhibitory effect of stimulation of 
the vagus is noticed if this nerve be excited during a secretion produced 
by the injection of hydrochloric acid into the duodenum. There is a 
sudden arrest of secretion which lasts several seconds to two or three — 
minutes. . 

all the dogs were 

The animals were anwsthetised with chloroform and ether mixture, 
the use of morphia being avoided as this drug affects injuriously the 
secretory fibres of the vagus, Tracheotomy was performed, and the 
spinal cord quickly severed below the medulla. It is perhaps necessary 
to state, that the success of the operation entirely depends on the 
rapidity with which the section of the cord is made, If the cord is not 
cut at all a secretion as the result of vagus stimulation cannot be 
obtained. On the other hand, the cut must be complete and must not 
involve any crushing of the medulla. From the results of some 
experiments which I have made, it seems that the inhibitory effect of — 


the — on secretion (induced by secretion) 1 is still —* when the 
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PANCREATIC SEORETION. 3 


spinal cord is undivided. The reason for the failure of the vagus. 
stimulation to yield a secretion when the spinal cord is undivided ia not 
at present known. The opinion held by Pavlov is that: the pancreas 
is extremely sensitive to operative procedures when sensory and reflex. 
paths are intact. The: wsophagus was tied in the neck in order to 
obviate the distension of the stomach with air and saliva by the 
swallowing movements which are frequent in the spinal animal. A 


- canaula was inserted into the main duct of the pancreas, the small duct _ 


being tied. Two ribs on the right side were removed so as to expone 
the two vagi running along the wsophagus. The vagi were stimulated 


_ either in the neck or in the chest. In the former case, if atropin was 


not used, a metronome was introduced into the primary circuit of the 
induction coil in order to have an interrupted series of induction shocks 
and not affect the heart too much by continual stimulation of the 
vagus. The heart usually took up the rhythm of the metronome. 
‘Three different methods were employed for the record of the flow 
of juice in these experiments : (1) by means of an ordinary air- 
transmission drop recorder, the result being traced on a recording 
eylinder ; (2) the movement of the juice along a horizontal graduated — 
tube was noted from time to time; (3) the time intervals between the 
successive drops of juice were determined by means of a stop watch. 
The difference in these’ methods should be borne in mind when senate 
the protocols of the experiments. _ 
Fig. 1 shows the effect of stimulating the vagus in the neck. It 
was the fifth prolonged stimulation of the same nerve; the main effect 


Uppermost line=drop recorder. Middle line =stimulation. 
Lowest line=time in 20”. 


was obtained only. towards the end of the period of stimulation after 
a very long latent period. The mucous membrane of the pylorus was 
tied so that there could not be any passage of acid into the intestine. | 


_. According to Popielski, each vagus divides in the chest into two 


branches, an anterior and a posterior. The two anterior and the two 
posterior branches join together just above the diaphragm. He states 
that secretory and inhibitory fibres are only contained in the posterior 
— the anterior being without any influence on the pancreatic 
1—2 | 
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4 VON ANREP. 


secretion. My results give no support to- this statement. Sometimes 
certain branches of the vagus give no secretion on stimulation at the 
beginning of the experiment, but begin to produce secretion after 


many stimulations, In some cases they gave even better results than 


branches of the vagus which gave a secretion on stimulation very early 
in the experiment. The following experiment may serve as an example 
to show that all the four branches of the vagi contain secretory fibres, 
though it needs a varying number of stimulations to get secretory 
effects with the different branches. | 


Exp. 1. Dog, 18-6 kilos, All the four branches were put on ligatures. The first 
stimulations had no marked effect. The flow of the movement of the juice through a 
glass tube joined to the duct is given in millimetres per minute. The figures in heavy 
type show the time during which the nerve was stimulated. _ a: 

Third stimulation of the right anterior branch: — x 

Third stimulation of the right posterior branch : os 

Fifth stimulation of left anterior branch : é i 

Simultaneous stimulation of both anterior branches: _ 


Ip this experiment stimulation of the anterior branches was more | 


effective than stimulation of the posterior ones. An inhibitory action 
was also shown by the anterior branches. In some cases I have found, 
however, that one or other branch in the chest might be quite inactive, 
so that even after repeated stimulation of it only a minimal effect or no 
effect at all was produced. In no case, however, did I find either of the 
vagi inactive on stimulation in. the neck. Occasionally no secretion 


was obtained on stimulation of the vagi, but in these cases it was 


always found that the spinal cord had not been completely severed. 
The inhibitory action of the vagus was studied by Popielski on the 
secretion obtained by previous stimulation of one of the vagi or by 
injection of hydrochloric acid into the small intestine. He endeavoured 
to separate the two kinds of fibres, secretory and “inhibitory,” 
anatomically, and claimed that he could always find a branch coming 
from the vagi as they pass through the diaphragm, the effect of 
which is purely “inhibitory.” Though negative results are less con- 
vineing than positive, I must confess that I have been unable to find 
any such branch. In most cases the branch which showed the most 
marked inhibitory effect gave quite a good secretion after repeated 
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PANCREATIC SECRETION. -- 5 


stimulation. The following three experiments serve to illustrate the 
inhibitory effect of stimulating one vagus nerve while secretion is 


' proceeding. In the two first experiments secretion was evoked by 


stimulation of the vagus and by injection of hydrochloric acid into 
the intestine. In the third — the secretion was o— by 
injection of secretin. : | 


‘Exp. 2. Dog, 10°2 kilos. No secretion for five minutes. 
Stimulation of posterior branches: 0 2 15 80 23. 
Stimulation of the same branches for 1 minute: 0 14 25 20 and soon. The © 

secretion stopped after ten minutes. 

Stimulation of the anterior branches: 6 8 5 8; 2nd stimulation: 1 0 16 19 21; 

Srd stimulation: 2 0 23 20 and so on. 


Fig. 2 illustrates that the secretion obtained by injection of hydrochloric acid in the 
intestine can be stopped by stimulating the vagi in the chest. 

Exp. 8. Dog, 28-5 kilos. 40.0. 0-5 p.c. injected ‘nto the duodenum. 

Secretion: 0 0 2 8 11 23 28 80 82 26; right vagus stimulated for 
one minute in the chest: 2 8 28 30 25 17 #17 #12 9 8; 30¢.¢. more HCl 
injected: 0 2 2 2 7 18 29 98 17 29 — 20; loft vagus stimulated in the 
3 2 28 20 21 andso on. 


Fig. 2. Lower line=drops of secretion. Upper line=stimulation. 


Exp. 4. Just the same stoppage is present if the vagi are stimulated during a flow of 
juice after injection of secretin, This is shown in Fig. 3, 
in the chest. 


Fig. & The searetin was injected into the jugular vein in a steady, continuous flow, 
so as to get a constant secretion. 
In order to get a marked inhibition the stimulus should not be too 
‘strong, and it is best to move the electrode slowly down the nerve 
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@ YON ANREP. 
while stimulating, The slower the flow of jaice, the more easily is 


any previous procedure is passing off. 


- {inhibition obtained, so that it is best marked as the secretory effect of 


According to Popielski, there is a small branch of the vagus — 


running with the pancreatic vein, stimulation of which resalts in 4 


copious flow of pancreatic juice, after a latent period no greater than 


that which obtains for the flow of saliva on stimulation of the chorda 
tympani. This would mean that the branch consisted of secretory 
fibres only, without any appreciable admixture of inhibitory fibres. 
I.am quite unable to confirm this statement. The nerve is an extremely 
fine one, and on stimulation yielded only a small flow of juice, and that 
after a considerable latent period. A slight inhibitory effect could also 
be obtained by stimulation of this branch. : S 

It is an interesting fact that the flow of juice which results from 


| vagal stimulation is different in some points from that which results 
‘from the action of secretin or the introduction of acid into the duodenum. 


In the latter cases the flow is a steady and continuous one throughout, 


_ whereas that resulting from vagus stimulation commences at first (when 
_ the graduated tube method is used) with a small jerk, soon followed by 
others separated by irregular pauses. As the stimulus is continued the 
movement. of the: fluid in the tube increases at each jerk, and the 
intervals become shorter and shorter, until finally a steady flow of juice 
results, (This is often after the cessation of stimulation.) But 
variation of current strength or movement of the electrodes often 


causes the intermittent movement to be resumed, although after several 
stimulations the irregularity disappears more or less and often gives 


place to quite a steady flow of juice. In some cases where secretion - 


was started by administration of the hormone, stimulation of the vagus 
did not arrest the secretion, or even slow it, but caused the previously 
steady flow to become intermittent. If the flow was a very rapid one 
inbibition could not be obtained. 


Action of atropin—Pavlovw showed that atropin paralyses the 


secretory fibres, and Savichw proved that this applied also to the 


sympathetic secretory fibres. According to the latter observer atropin 


_ also paralyses the secretion obtained on injection of soap into the 
intestine, but this is denied by Modrakovskiao. On the other hand 
the “inhibitory” nerves are not paralysed by small doses of atropin. 
This is illustrated in Fig. 4 and in the following experiment. 


Exp, Dog, 27°65 kilos. Usual preparation. al tha 
_ Was a spontaneous flow of juice which stopped after division of both vagi: 28 20 22 92; 
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Yagi cute207 6 8 1 O 0 1 0° 0; attopin injected the jugular 
vein and 40 o.c. of *5 p.c, HCl injected into the duodenum. In two minutes secretion 
began and after some time it became regular,—a drop falling every ten seconds. The 
following figares show the intervals between the drops in seconds: 10 10 10; right 
vagus stimulated: 19 17 10 8 8 8 10 9 8 10 10. 10... 10 9 10 10; 
left vagus stimulated: 19 93 12 8 7 6 6 8 9 10 12 10 14. (At this :point, 
as there was some doubt as to whether sufficient atropin had been. given to paralyse the 
secretory fibres, -005 gr. atropin was given and 80 c.c. of acid injécted into the duodenum.) 
Seoretion: 84464677 4 448 4 5 4. This is an example 
of a very slight slowing daring a large flow of juice. After ten minutes the flow was: 
10 10 10 11 .10; right vagus stimulated: 17 20 26.18 10 10 11.10 9 9 
10 11 10 11; left vagus stimulated: 13 22. 90 12 11 10 11. 12 andsoon. 


Be Same tal of Vig. 3. Stimolation ofthe same nerve with the 


Tome doses of atropin, however, may paralyse or reduce the inhibitory 
action of the vagus, ) 
Neither chloroform nor ether affects the secretory or inhibitory fibres 
of the vagus, so that if the administration of the anesthetic is 
continued after dividing the medulla, both vagus effects can still be 
obtained. All the different statements as to the effects on the pancreas 
of stimulation of the vagus in the chest apply also to stimulation of 
this nerve in the neck. Curare does not affect the segretory nor ~ 
the inhibitory action. 


me Mechanical stimulation of right vagus. simulation of bat 
vagi. $=Mechanical stimulation of left vagus. 
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Fig. 5 ani the inhibitory effect of vagal stimulation in the neck 
on secretion of pancreatic juice evoked by injection of hydrochloric 
acid into the duodenum after injection of 10 mgms. atropin. The 
secretory effect of vagal stimulation in the neck has already been shown 
in Fig. 1. 

Refles inhibition—Pavlov mentioned that excitation of the central 
end of a cut vagus may slow or arrest the pancreatic secretion. This 
could only occur by means of the other vagus nerve since the spinal 
- cord was divided below the medulla. Edmundsan also found that the 
secretion was slowed by stimulation of the central end of a cut vagus, 
but since in his experiments the medulla was not cut, the inhibition 
might have been due toa general vaso-constriction following the — 
stimulation, and Edmunds himself explains the result in this way. I 
have found-that reflex inhibition can only be obtained if care be taken 
not to injure the medulla in dividing the spinal cord. The following 
_ experiment may serve as an example of such a reflex inhibition. : 
Exp. 6. Dog. Slow, continuous injection of secretin. Right vagus cut in neck, left 
- vagus intact. The intervals in seconds between each drop were as follows: 8 8 9 8 8; 
stimulation of the central end of the right vagus: 17 14 9 8 8 7 8; ‘Ol gr. atropin 
injected: 9 10 10 10 9 8 7 8 8; stimulation of the central end of the right 


vagus: 12 14 8 9 7 8 and 20 on. After division of the left vagus no reflex 
inhibition could be obtained. 


I only observed this reflex inhibition in four experiments The 
absence of it in my other experiments I ascribe to injury to the 
medulla. 

The causation of the stoppage of secretion observed on stimulation 
__ of the peripheral end of the cut vagus is not yet clear. Pavlov thought 
that two different kinds of efferent fibres exist, namely, secretory and 
inhibitory fibres, and Popielski strongly supports this view. The facts 
urged by Popielski are, however, not very convincing, and experiments 
_which I am now undertaking lead me to believe that the explanation is 
to be sought along simpler lines. with 
communication. | | 


the: experiments the statement that the vagus contains 


not only secretory but also inhibitory fibres to the pancreas. This holds 
both for the vagi in the neck and for their branches. | 
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2. No support can be given to Popielski’s view that secretory and 
inhibitory fibres are differently distributed in the vagus trunk—they 
are found equally in all branches, including the special secretory branch 


of the vagus which he described. 
3. The secretion of pancreatic juice excited by the administration 


of secretin can also be inhibited by stimulation of the vagus. 


4, Atropin in doses sufficient to paralyse the secretory fibres of 


‘the vagus does not paralyse the inhibitory ones. 
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THE RELATION OF LENGTH TO TENSION DEVELOP- 
MENT AND HEAT PRODUCTION ON CONTRACTION 
IN MUSCLE. By C. L. EVANS anp A. V. siciiee ee 


(From the Physiological Laboratory, Cambridge.) 


THE experiments of which the results are described here were under- 
taken at the suggestion of Professor Starling, with the view to testing 
the theory put forward by Blix that the. variable factor among the 
mechanical conditions which determines the mechanical: performance 
and the heat production of muscle is the initial length of the muscle 
and to find what relation, if any, exists between the length of the 
muscle ‘and the tension ‘and heat which it products on 
contraction. 

According to Blix« the total tension sustained by a sihaiien 
muscle alters according to the initial length of the muscle, the relation — 
between total tension and length being often expressed by an S-shaped 
curve. The heat production, according to him), increases progressively 
with increasing initial length of muscle, to attain a maximum only 

_ when the muscle is incapable of further extension. Essentially the 
same question was investigated by Heidenhain@), but he arrived at 
different results, for his figures show first an increase and then a diminu- 
tion of the heat production with increasing initial length (initial tension 
was what he actually measured) when isometric contractions were 
executed by the muscle. 

It was thought that with the improved apparatus now available for 
myothermal experiments, some direct information might easily be 
gained on this point. | 

Methods.—The muscle employed in these experiments was in most 
cases the double sartorius preparation of large R. esculenta ; in one or 
two cases the semimembranosi were used, but these had the dis- 
advantage of lying less uniformly on the junctions, and moreover their 
cross sectional area was less uniform at different parts of their length 
than that of the sartorii, The muscles were left attached to the 
ischium, which was held firmly in a clamp, the muscles being arranged — 
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MUSCLE TENSION AND HEAT. ll 


one on each side of the thermoelectric junctions of a straight thermo- 

_ pile of the type figured by Hillw, and the ends of the muscle being 
tied together and attached by an inextensible (shellacked) thread to 
the tension lever designed by Hill; by means of a fine adjustment 
the lever apparatus could be moved as a whole either up or down, and 
thus the initial length of the muscle, and its initial tension, could be 
altered at will. The pitch of the adjusting screw being known, the 
alteration in initial length of the muscle was also exactly known from 
the number of turns given to the fine adjustment screw. The initial 
tenzion of the muscle, and also the tension produced on contraction, 
were found by measurements of the record of the tension lever on a 
stationary smoked drum. The lever magnified about 47 times, and the 
spring was a strong one, and therefore movement of the lever on its 
axis was not attended with any marked alteration in the length of the 
muscle. Thus a tension of 50 grams weight acting at the point of 
attachment of the muscle and causing a displacement of 7°3 mm. at 
the writing point of the lever, only moved the point of application about 
0°16 mm. The small error which was introduced into the measurement 
of the increment of length of the muscle by such a displacement of the 
tension lever could therefore be neglected, since at extensions of the 
muscle to even a quarter more than its original length (about 35 mm.) 

- it would amount to less than 0°5 mm. - 

_ The thermopile with the muscle was protected from stray draughts 
and radiations, either by the use of the myothermal chamber described 
by Hill@, or by being placed inside a Dewar vessel in air or saline. 
Although temperature equilibrium was reached sooner in the Dewar 
vessel, the myothermal chamber was found to be more suitable, since 
the connection of the muscle to the lever could be more conveniently 


As stimuli maximal opening shocks were in most cases employed, 
though in a few cases tetani of about ‘04 sec. duration were tried, and 
found to give similar results. Constancy of stimulus was ensured by 
_ the use of a Lucas’ spring key for opening the primary circuit in the 

3 _ ease where single shocks were employed. The duration of the short — 

: tetani was also obtained constant by means of this apparatus. : 

: Jt is seareely necessary to mention that in all the experiments 
especial care was taken to avoid movement of the muscle over the 
junctions on. contraction; any cases which occurred were readily 
detected, and experiments in which any of the ee showed that | 
movement had taken place were rejected. Rea 
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L. EVANS AND A. V. HILL. 


The results of a typical experiment are given below, to illustrate the 
alterations of tension development and heat formation when isometric 
contractions are executed at different lengths of muscle. The results 

are graphically in Fig. 1 (upper pair of curves). 
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_ Exp. 1. Two sartorii muscles in myothermal chamber. | Maximal opening shocks 
with 4 ohms resistance in primary circuit. 3 | 


H=heat 
T=increase of 
L=initial t=initial tension on (deflection of 
87°5 0-0 41°8 540 1°44 1-12 
399 2°7 54°7 615 “89 1°54 1°87 
42°83 18°7 62°83 67°5 92 1°60 
44°7 87°7 59°0 61-0 96 1:36 1°32 
81-0 30°77 63-0 “49 1°34 0-65 


The figures given in the table represent the mean results obtained i in 
an experiment in which the length of the muscle was first increased 
and then diminished again. The ratios of heat produced and of tension 
developed to the initial length of the muscle, as given in the respective 
columns, show that these increase to a maximum with increasing length 
of muscle, and then diminish again (Fig. 1). With the exception of 
the first and last figures of the column, the values of 7/H are fairly 
uniform. The low values for the extreme conditions of the muscle are 
due to the fact that the tension rises to a maximum and then declines 
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MUSCLE TENSION AND HEAT 


from it again rather more rapidly than the heat production does, so 
that the efficiency of the muscle is less when under very small or very 
great initial tensions than when under moderate ones. The low value 
of 7/H at the top of the column where there was no initial tension is 
also no doubt due, to some extent, to the difficulty in ensuring that the 
muscle was without initial tension, but yet not slack. If there were 
any slack to be taken in, the tension development would suffer. The 
arbitrary decision of what is to be regarded as the natural length of an 
excised muscle is a matter of considerable difficulty. | 
Other experiments have given similar results; the following is 


typical. 
Exp. 2. Two sartorii under same conditions as Exp. 1. | 


tension Hudeection H 

length mm. grms. grms. mm. H 4 L 
0°0 29°5 44°5 67 1°23 “82 
38°4 42°5 51°0 "83 1°32. 1°10 
40°8 50°0 56°0 “89 1°37 1°22 
43°23 820 88°5 67. 1°33 0°89 
45°6 82-0 21°3 64:0 “39 1°18 
48-0 126°0 51°0 23 1°06 24 


This experiment illustrates a fact which was observed in several 
cases, namely that the maximum heat production is obtained at a 
greater length of muscle than the maximal tension development ; this 
is best seen in Fig. 1 (lower pair of curves). Although this was the 
case, the tension development and heat production per unit length both 
reached a maximum at the same initial length, in other words, beyond 
this length at which the maximal tension was produced the increase in 


length necessary to cause a certain further increase in heat production 


In Exp. 1 the maxima both of tension production and of heat 
production were reached at the same length of muscle, but the result 
shown in the second pair of curves of Fig. 1 was the more usual one. 
The average of ten experiments for instance showed that the maximal 
tension developed resulted when the muscle had been extended by — 
about 12°/, of its original “unloaded” length, while the maximum 
heat production resulted after about 17°/, increase in length. It is 
- interesting to compare these data with some others relative to the 
length of the muscle in its natural position in the body, and when 
removed from the body. Some measurements were made of the 
length of the sartorius muscle of the frog under these two conditions, 
and it was found that the muscle in situ, with the leg flexed to a right 
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EVANS AND A. V. HILL. 
angle and abducted, was about 20*/, longer than when siceneesil after 


excision and allowed to hang quite free without load (the minimum 
difference was 14*/, and the maximum 26%,). Bearing in mind that 
in our measurements of tension development and heat production, the 
“ unloaded” muscle with which we started was in reality subjected toa 
slight tension sufficient to prevent the thread hanging slack, it is not 
unlikely that the maximal heat production was reached at o total 
extension of roughly 20°/,, or about the natural length of the muscle in 
situ, while the maximum tension was attained at a somewhat shorter — 
length, such as would obtain after the contraction in the ssa had 


already commenced. 


In most of the experiments the ratio 7/H was found to. be camatant 
over a limited range, which included somewhat considerable amounts 
of stretching, though the value diminishes rapidly when the initial 
tension exceeds a certain limit. Within the limits of extension likely 
to occur frequently in the body (se. up to 20%/, or 30°/,), the ratio is 
often very constant, as in the following — where the extension 
reached 30°/, of the original length. ~ | 


germs. min. 

23°0 0 50°6 103 
54 187 540 10 
278 87°7 610 0°48 
583 §2°8 1146 


Tn the following also, in which the was 
aaa the value of 7/H was fairly constant up to 20%/, extension. 
Tn this particular case the sectional area of the muscle was 13 sq. mm., 
so that the tension was equal to 300 grms. per sq. em. at the maximal 
initial length and about 770 grms. per sq. cm. in the contracted state. 
(The muscles often broke across when the tension at rest “exceeded 


Double preperation in myothermal chamber. 
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The constancy of 7/H implies a constancy in the mechanical 
efficiency of the muscle; this latter only falls away rapidly when the 
musole is extended far beyond its natural length—perhaps a safeguard 
against rupture of the muscle. In those cases where the ratio only 
sustains & maximal value for a short time, as in Exp. 1 and 2, it is 
_ Interesting to note that this maximum is reached at a length which 

does not differ greatly from that of the muscle in situ (19 and 12°%/,).. 

In Fig. 2 the results of Exp. 4 are shown. Three tension curves 
are there reproduced; firstly (A) the tension to which the resting 
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muscle was subjected ; second (B) the curve of tension developed on 
contraction ; lastly (C) the curve showing the total tension which the 
 gontracted muscle was sustaining, 1.¢. the sum of the other two curves. | 
The only curve to which the curve of heat production (D) seems to 
correspond is that of tension developed. Although the curve of total — 
tension sustained bears a certain resemblance to the curves figured by 
Blix, yet the results of the thermal measurements which we have 
obtained are rather in agreement with those of Heidenhain than 
with those of Blix. 
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16 C. L. EVANS AND A. V. HILL. 
| CONCLUSIONS. 


1, With increasing length the heat production of isometric 
twitches or short tetani increases to a maximum, and with further 
increase of length diminishes again. The maximal heat production 
was obtained at an average increment of 17 °/, of the initial unextended 
length, or at about the same “a as the resting muscle has when an 
situ in the body. | 

2. The tension developed by the isometric contraction follows a 
similar curve to that of the heat production, although there is a 
tendency for the maximal tension to be set up at a smaller length than — 
the maximal heat production, namely, when the length of the muscle has 
been incréased by 12°/, of the original unloaded length. 

3. From the form of the curves of tension and heat production and 
from the position of their maxima, it follows that the ratio 7'/H is only 
constant for a certain range of extensions of the muscle; for very high 
extensions it rapidly diminishes. The maximal values of 7/H are 
reached at about the natural length of the muscle in situ, and the 
range of constancy of 7'/H usually obtains at lengths either aaa or not 
much greater, than this 
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ON THE OVARIAN FACTOR CONCERNED IN THE 
RECURRENCE OF THE OESTROUS CYCLE. By 
F. H. A. MARSHALL anv J. RUNOIMAN. 


(From the Field Laboratories, Cambridge.) 


It is now generally recognised that the menstrual cycle in man and 
the oestrous cycle in animals cease to occur after double ovariotomy, 
and that in those cases in which heat and menstruation have been 
supposed to take place after spaying or surgical removal of the ovaries, 
the occurrence of the phenomena has been due to the fact that the 
operation was incomplete. Thus it has recently been shown that in 
“so-called” spayed sows which experienced heat and behaved more or 
less like normal unoperated animals ovarian tissue had been left at the 
time of the operation and had subsequently hypertrophieda». | 
Moreover, it has been shown by several investigators that succeesful 
transplantation of the ovaries to abnormal positions such as the ventral 
peritoneum or the tissues of the kidney does not inhibit the recurrence 
of the cycle, for the uterus in such animals retains its normal functional — 
activity instead of undergoing atrophic changes@, 9, 14). 
The inference drawn from these experiments is that heat and — 
menstruation are brought about by some chemical substances or 
hormones which are elaborated by the ovaries and act either directly 
or indirectly upon the tissues of the uterus and mammary glands, as 
well as upon all the other organs which undergo cyclical changes 


associated with the female sexual functions. 


The object of the present investigation was to elucidate the problem 
as to what part of the ovary is responsible or mainly responsible for the 


_ recurrence of the prooestrum and oestrus. The problem had already 


been approached by physiologists, and notably by Pfliigeras) and 
Strassmannao, and more recently by Fraenkel. 
The views of Pfliiger and the older investigators may be dismissed 
briefly, since they assumed that the functional correlation between the 
ovaries and uterus was nervous in character, and this is now known to 
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18 F. H. A. MARSHALL AND J. G. RUNCIMAN. 


be incorrect. Moreover, it is unlikely that menstruation can be due to 
the pressure of the growing Graafian follicles upon the nerve endings 
in the ovaries, as Pfliiger and Strassmann suggested, since the 
important observations of Heape show that in monkeys menstruation 

‘ may occur in the absence either of ripe follicles or of newly formed - 
corpora lutea. Again, in many species of bats although copulation 
takes place in the autumn, ovulation does not occur until the following 
spring, the spermatozoa being meanwhile stored in the uterus until the 

hibernation period is overa,3,3). It would seem unlikely, therefore, 
that the oestrous phenomena which bats experiénce in the autumn could 
be due to the condition of the Graafian follicles, since these are not 
apparently in a state to discharge their ova until some months later. 
These observations upon monkeys and bats militate equally against the 
view that the cause of heat and menstruation is to be sought for in 
hormones or internal secretions manufactured by Graafian follicles which 
have reached, or nearly reached, maturity. | ‘ 

_ Fraenkel has put forward a theory that menstruation is brought 
about through the agency of an internal secretion arising in the 
discharged follicle or corpus luteum. According to this author the 

_ corpus luteum is the only ovarian organ of internal secretion, and is 
responsible not merely for the raised nutrition of the uterus during 
pregnancy but also for the menstrual processes. Fraenkel lays stress 
on the assertion that in women the corpus luteum is regenerated 
monthly (though in slightly different positions), and he supposes it to 
be the organ which controls the recurrence of the cycle. But, as has 
already been pointed outa), this theory is untenable, since it fails to 
account for the sexual phenomena of the lower mammals. These, with = 
few exceptions, do not experience prooestrous changes with the same 

: rhythm as the human species. Moreover, most animals ovulate after the 

hee prooestrum is over, so that corpora lutea are not necessarily present at 

a the time when “heat” begins, Furthermore, in the rabbit, as pointed 

_.* out by Heape, and in the cat and various other animals, ovulation 
only takes place ordinarily after sexual intercourse (, 10,12); it follows 
therefore that in the absence of the male, corpora lutea are not formed 
in the ovaries, yet the female rabbit and cat may, in this condition, 
experience recurrent “heat” periods. Such animals present an even 
greater difficulty in the way of accepting Fraenkel’s theory. It should, 
however, be pointed out that these-facts are in no way contrary to that 


part of the theory which ascribes the raised nutrition of the pregnant 
uterus to the influence of the corpus luteum. 
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OESTRUS, CYCLE. 19° 


The. present investigation was upon the ovarian factor in the 
recurrence of oestrus in the dog. In this animal the cycle is generally 
very regular, and in typical cases extends over about six months. There 
is, however, a good deal of individual variation, though each animal in 
which the recurrence of the periods may be noted usually has ite own 
peculiar rhythm. Consequently in any one particular individual it is 
generally easy to foretell the approximate time at which the prooestrum 
and oestrus will next occur. 

Exp. 1. A fox terrier bitch was kept for over a year, and the seasons 
of heat noted. These were two in number, as is usual in bitches, and the 
duration of the complete oestrous cycle was found to be five and a half 
months. The dog was operated upon about three weeks before a new 

heat period was due, that is, about four months after the termination of 
the second heat period observed. The ovaries were exposed, and each 
follicle showing on the surface was pricked by a knife or needle, at least 
nine follicles being treated in this way. The animal rapidly recovered 
from the operation, and three weeks later started to experience heat 
which, judging from the external signs, was of normal duration and 
severity. Bleeding from the vulva went on for over a week, and was 
followed by a definite oestrus. The dog was killed a week after oestrus 


| Fig. 1. Fig. 2. 

Fig. 1. Microphotograph of section through artificially ruptured follicle described in 
Exp. 1, showing cavity, luteal tissue, and outside wall of follicle, x 56. 

Fig. 2. Microphotograph of section through luteal tissue of ruptured follicle described 

| in Exp. 1, showing luteal cells and strands of connective tissue which had grown 
inwards among the luteal cells, x 280. . : 
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90 Hl. A. MARSHALL AND J. G. RUNOIMAN. 
was over and the reproductive organs were preserved. Sections through 


the ovaries showed the artificially ruptured follicles which had become 
transformed into structures resembling corpora lutea, but with ab-— 
normally large cavities resembling those of undischarged follicles (Fig. 1). 

The walls of the follicles contained hypertrophied luteal cells and 
connective tissue which had grown inwards (Fig. 2), but the development 
was entirely insufficient to fill in the cavity as in the case of normal 
corpora lutea at an earlier stage of development. The remains of the 
original place of rupture could generally be seen. The uterus appeared 


to have undergone some hypertrophy, the glands being large and 


_ Exp. 2. A fox terrier bitch was kept for over a year as in the pre- 
ceding experiment, and the periodicity of oestrus was found to be about 
seven months. The animal was operated upon about eight weeks before 
a new heat period was due, that is, rather less than five months after 
the termination of the second heat period observed. The ovaries were 
exposed and the follicles cut into as in the preceding case. The dog 
recovered from the operation and came on heat two months later, or 
about two weeks after a period was due. The processes of prooestrum 
and oestrus were absolutely normal so far at least as could. be seen. 
There was the usual prooestrous bleeding succeeded by an apparently 
normal oestrus. The slight postponement of the period may possibly — 
have been a post-operative effect, or may have been due to some 
unknown circumstance, since bitches are not always absolutely regular. — 
The animal was killed three weeks after oestrus was over. The remains 


of the ruptured follicles were found in sections. They presented a 
general similarity to those described under Exp. 1 but were in an 
advanced stage of retrogression. The cavities were much more com- 
pletely filled in and the follicles themselves were smaller. The uterus 


appeared to be normal. : 
Exp. 3. A rough haired terrier in which heat was expected to oceur 


was operated upon in the manner described in the preceding experi- 
ments. Both ovaries were cut into so as to rupture all the follicles near 
the surface. The bitch showed no signs of heat for nearly a year, after 
which slight indications of a prooestrous condition were detected, but 


there was no external bleeding and oestrus did not. supervene. Transient 
signs of heat appeared again a month later (or a little more than a year 
since the operation) but oestrus did not follow, and the bitch refused 
the dog. About four months later or sixteen months after the operation 
the bitch was killed, when it was found that no normal ovarian tissue 
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was left. In place of the ovaries, cysts of varying sizes were present as 
well as some fibrous tissue. The uterus also had very greatly atrophied. 
| Exp. 4. A whippet which had given birth to pups in the spring 

was operated upon four months after parturition or about six months 
after oestrus. The visible Graafian follicles were ruptured, each ovary 
_ being cut into by the knife at numerous points over almost its entire 
surface. Nineteen days after the operation the bitch experienced an | 
apparently normal heat (both prooestrum and oestrus). Sections — 
through the ‘ovaries showed that the more mature of the artificially 
ruptured follicles hed been transformed into structures almost identical 
with normal corpora lutea but with slightly larger cavities. Sections 
through the uterus showed a great glandular development in the mucosa 
of that organ but otherwise it appeared normal. 


CONCLUSIONS. 


The experiments show that the occurrence of “heat” (prooestrum 
and oestrus) in dogs does not depend upon the presence of mature (or 
nearly mature) Graafian follicles in the ovaries. It is equally evident 
that it is not dependent upon corpora lutea. It must be supposed, 
_ therefore, that the ovarian factor in the recurrence of “heat” resides in 
- some other ovarian element or combination of elements. The ovarian 
interstitial cells are possibly concerned in the process, but cyclical 
_ changes in the condition of these cells have not so far been observed in 
_ the dog’s ovaries. 

. The view which has generally been maintained, that the ripening of 
the Graafian follicles and the onset of menstruation or heat stand to 
one another in the relation of cause to effect, must be finally abandoned. 
It is probable that both series of changes are effects of some more deep- 
seated ovarian phenomenon. 
"The expenses were defrayed by a grant made by the Board of Agriculture and Fisheries, 
out of fands placed at their disposal by the Development Commission. 
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FATTY ACID METABOLISM IN THE LIVER. IIL. 
FATTY ACID INFILTRATION OF THE LIVER. 
DURING PREGNANCY AND LACTATION. By RB. 
COOPE anp V. H. MOTTRAM. 


(From the School of Physiology, University of Liverpool.) 


Some years ago Dr E. Mellanby called the attention of one of us to 
the fact that a histological preparation of the liver of a pregnant 
rabbit showed the presence of an excessive amount of fat'. At about 


_ the same time the latter observer came across a similar phenomenon. 


A healthy rabbit, the liver of which was to be used to investigate a 
method of fatty acid estimation, proved, when the liver came to be 
excised, to be in full lactation. The analysis showed that there was 
no less than 24 p.c. of pure non-volatile fatty acid in the fresh tissue— 
an excess never met with before, or since, in the course of a large 
number of analyses. 

The question naturally arose as to whether this excess of fatty 
material was correlated with the metabolic disturbances that must 
accompany gestation, and since that time one has naturally been on 
the alert to see if the phenomena have been repeated. That they have 
been so is abundantly evident. Time and again cats which were being 
used for other purposes and were found to be pregnant or lactating, 
have proved to have a liver that, histologically observed, showed an 
abnormal amount of fat. The normal healthy cat shows but little 
fat within the liver cells (see Fig. 1). There may be a fine granulation 
of material stainable with Sudan III within the cells, but the relative 
volume of such material must be very small; whereas the animals 
mentioned above showed very large amounts. Diagrams of the appear- 
ance of the two types of liver cells are given (Figs. 2 and 3), and it 
will be seen at a glance, that the animals in gestation or lactation have 
an abnormal amount of fat therein. Further, the arrangement, size, 
and appearance of the fat globules are those which we have learned 
to recognize as present in the case of fat infiltration of the liver. 


1 A fact first.recorded by Miotti. Ann. di Ost. e. Ginec. 1900. 
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Indeed, the statements made by one of us' of the appearance of the 
liver of the rat or guinea-pig in which an infiltration has been induced 


Fig. 1. Liver of normal cat stained with hematoxylin and Sudan III to show fat. Very 
7 little fat is seen in the cells, but there is a certain amount in the capillaries. 


Fig. 2. 8. 
Fig. 2. Liver of pregnant cat near full term. The cells leaded showing sth 
characteristics of an infiltration. 
Fig. 3. Liver of a cat soon after parturition. Similar appearance to that in Fig. 2. 
by a brief | period of hunger, may be applied to that of the gestating or 
lactating cat with complete justification: “...the fat vacuoles stain 


1 This Journal, xxxvm. pp. 284-5. 
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incompletely. They are usually divided into two portions, one crescent- 
shaped and stained, and the other hyaline. Many variations of this 
are seen: there are all gradations from full-moon to the thinnest of — 
thin crescents....The fat is not always uniformly scattered throughout 
the lobule. In (certain) cases the cells in the centre of the lobule were 
seen free from fat; those exterior were richly supplied.” This is true 
also of the effects on the liver of chloroform poisoning, in which a fat 


_ infiltration is known to occur, and the whole forms suggestive evidence 


that in gestation and lactation we can observe a parallel fat infiltration. 
We have endeavoured to put _ question on a more definite experi- 
mental basis’. 

A. Cats. The earlier work was on cats, which, except in one or 
two cases, were not kept any length of time in the laboratory before 
investigation. When obtained they showed obvious signs of pregnancy, 
were. killed after a few days and the following procedure carried out. 
The animals, after being narcotised by chloroform and ether, were 
rapidly bled to death and the liver excised. The total weight of the 
liver, minus gall-bladder, was taken; specimens of liver-tissue were 
fixed in a formol-acetic-saline mixture; the remainder of the liver was — 
minced and two or three aliquot portions weighed out into pressure 
bottles. In certain cases portions of mesenteric fat were also taken. 
Estimations of pure non-volatile fatty acid present in the liver samples 


were carried out by the method described by one of us in 1910* 


Iodine values of these fatty acids and those obtained from the mesenteric 
fat were obtained by Wijs’ method. The histological specimens, after 
a day’s fixation, were frozen in formol gum, cut, stained in Delafield’s 
hematoxylin and counterstained for fat by immersion in a saturated 


_ solution of Sudan III in 70 p.c. alcohol for one hour, and then washed 


in distilled water and mounted in glycerine jelly. The first experiments 
confirmed the original conception that gestation promoted an infiltration 
of the liver, and it was. not until-an investigation of “normal” material 
was made, that it was seen that this was not justified. Thus a cat with 
six weeks’ embryos showed a fatty acid percentage of its fresh liver of 
4°74, one with seven weeks’ embryos 6°58, and one that was lactating 
7°38. All these gave histological evidence of the presence of fat in the 
liver, and that, roughly in accord with the percentage’. The iodine 


histological work by V. H. M. e 

2 This Journal, xu. p. 122. 

Bee Table I. 
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values of the fatty acids were also in accord with a probable infiltration 
_ of dépét fat, for in the first case they were 110, and in the last 96°5 
(both means of three parallel estimations) and these figures are below 
the normal, which runs about 120-130. A normal male cat, which had 
minute globules (14) of fat in the cells, had a percentage of 2°97, 
with a fatty acid iodine value 129, and a normal female, showing a 
similar histological appearance, a percentage of 4°62, and an iodine 
value 99°8. With the exception of the last figure all these facts are 
in favour of an infiltration of the liver with fat during late pregnancy 
and early lactation. — 

But two other experiments on “normal” cats showed that this 
explanation, though plausible, was devoid of rigorously scientific justifi- 
cation. A very small, timid cat, that had not become used to the 
animal house, showed much fat in the centre of the liver lobules, had a 
high percentage of pure fatty acids in its liver (7°86) anda fatty acid 
iodine value of 107. Another, a placid cat, one fortnight after it had 
entered the laboratory, showed what we term a “disappearing infiltra- 
tion” of the liver’, and had a percentage of 6°20 of fatty acid with 
an iodine value of 94°5. 

It was obvious that these two results could not be discarded, for, 
_ without a definite history of the whole of the animals, we could not 


be certain that the disturbing factors, present in the last two, were _ 


not present in those that gave a positive result. Consequently, in view 
of the grave expenditure of time in working with cats, whose period 
of gestation is nine weeks, these animals were reluctantly discarded in 
favour of rabbits, in which the period is four weeks only. 

B, Rabbits. These animals were kept in the laboratory on an 
ample diet of oats, bran and green food, at least a month before 
they were killed. We have evidence that a rabbit, one month after 
the birth of offspring, is normal as far as fat metabolism is concerned, 
so that any metabolic disturbance involving a fat infiltration of the 
liver may -be assumed to have subsided in that time. Further, the 
animals were kept in separate cages to ensure that each should obtain 
a plentiful supply of food without competition. As a result there 
was a general increase in weight and only one casualty occurred. At 
convenient intervals various does were impregnated and killed at 
determined dates after impregnation. The livers were excised, weighed, 
_ portions taken for histological preparations, the rest minced, and 


* I.¢, one in which the crescents of fat (Sudan staining material) are very thin and 
ee the fat vacuole. 
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weighed off into pressure bottles. The following estimations were 
made: total body weight just before death, weight of liver, percentage 
fatty acid in fresh liver, iodine value of liver fatty acids, iodine value of 
mesenteric fatty acids, and (in seven cases) iodine value of kidney fatty 
acids. The results of the first three estimations and calculations based 
on them are to be seen in the given tables; the iodine values of the 
fatty acids we propose to consider in a subsequent paper. | 
In view of the variability in the size of the liver in rabbits, the 
determining consideration cannot be that of the percentage of fatty 
acid present in the liver only, but the total weight of fatty acid in the 
liver divided by some power of the body weight. The criteria we give 


are those of percentage, total fatty acid in the liver, total fatty acid 


divided by body weight, and total fatty acid divided by the cube root of 
the square of the body weight. As will be shown, no matter which of 


these criteria we adopt, the result is the same: at or about the time 


of parturition, there is a fat infiltration ofthe liver. _ 

It will be seen that the percentages of fatty acids in the livers of 
normal animals, of animals in early stages of pregnancy, and of animals 
one month post-partum, lie between 2°36 and 3°19 with a mean of 2°62. 
This is to be accounted normal for the rabbits used and is in accord 
with previous work, though somewhat higher than the percentages 


published by one of us for Belgian hares. But, in the animals at full . 


term up to three days post-partum, the percentages lie between 2°67 


and 6°05, with a mean of 4°43. If we accept percentages as a criterion, 


there is an increase, at or about the time of parturition, of 69 p.c. 
Turning to the total fatty acid in the liver we find that in the first 
case the figures lie between 1:41 and 2°82 grams with a mean of 1°99 
grams; while in the second they lie between 1°78 and 435 grams, with 
a mean of 298 grams. This is a surplus of nearly 50 p.c. 
Similarly if we take the criteria of total fatty acid in the liver 


divided by body weight, or total fatty acid in the liver divided by the 


(body weight), we obtain an increase, on the means, of 37 p.c. and 


366 p.c. respectively. In all four cases there is an evidence of an 


increase well outside the limits of experimental error. | 
It will also be observed that the histological results agree with the 


chemical analyses. The diagrams given also illustrate this point: 


Figs. 4 and 5. As a result, then, we may claim to have shown that, at 


or about the time of parturition, there is in the rabbit a fat infiltration 
of the liver. | : 


But when we compare these infiltrations with others met with in 
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research, they are undoubtedly small. This is true whether we turn to 
morphological results or chemical estimations. Particularly is this so if 
we compare the results obtained with those that might have been 
expected from the preliminary experiments. . The infiltrations shown in 
Figs. 1 and 2 are undoubtedly much larger than that in Fig. 5. The 
first are those of animals that had not long been in the laboratory, the 
last of one that had been in more than a month. And a plausible 
explanation of this is that a sober, well-nourished exi reduces an 


Fig. 4, Fig. 5. 


Fig. 4. Liver of rabbit one month post partum. The cells have rather more fat than is 
seen in those of the normal rabbit. This liver contained 2°77 p.c. of fatty acid. 
Fig. 5. Liver of pregnant rabbit near full term. The cells have much more fat than is 
seen in those of the normal rabbit. This liver contained 5-65 p.c. of fatty acid. 
infiltration of the liver to its minimum, whereas the exciting and 
strenuous struggle for existence of the slum cat exacerbates any 
tendency towards infiltration. The explanation might be, of course, 
that the species of animal was different in the two experiments, though 
we record a case above, in which a rabbit, immediately after entering 
the laboratory, had 24 p.c. of fatty acid in its liver. And in view of 
the difficulty of producing an infiltration of the liver in carnivores, as 
compared with herbivores, we do not incline to this explanation:of the 
difference. It seems probable to us that good feeding and quietude keep 
the infiltration of the liver within bounds. If this be true it has an 
importance in its bearing on acetonuria in pregnancy that is too obvious 

to need pointing out. c | 
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Further, it will be noticed that in two experiments on lactating 
rabbits (Nos. 18 and 20), the fatty acid percentages and the other 
criteria of infiltration are low, in some cases actually below the means 
for the normal animals. In experiments on the fatty infiltration of the 
liver caused by hunger, it was shown that there is a peak of infiltration 
followed by a fall to normal or below. It is tempting to explain the 
two above low results in the same way, for one is from an animal two 
days post-partum, and the other from one three days post-partum. The 
‘final decision of the truth of such suggestions must however be left to 
further research. 

A last point of importance is the following. Fat infiltrations of the 
liver are usually regarded as-being pathological and not physiological. 
Thus, they accompany many pathological states of the body: eg. diabetes 
mellitus, pancreatic and phloridzin diabetes, alcohol and chloroform 
poisoning, pernicious diarrhoea, cyclical vomiting, and, typically, phos- 
phorus and arsenic poisoning. Against this view, however, Rosenfeld 
has persistently protested, and Leathes, with his theory of the function 
of the liver in fat metabolism, explains it as a normal phenomenon. 
_ According to Rosenfeld’, the liver is calling up the last reserves of the 
body to meet an emergency, presumably in its own tissue, and so may 
be regarded as functioning normally. Leathes* suggests that the fat 
is being mobilised in the liver, there to be desaturated and passed on to 
the tissues for consumption wherever metabolism is active. Both regard 
the increased amount of fat in the liver as a sign that the liver is 
functioning normally. 

But until recently the evidence on which this was based was 
obtained from conditions of the animals that were pathological. The 
infiltration of the liver observed, though perhaps physiological, was the 
result of morbid conditions. In 1909 a paper published by one of us 
showed that hunger of quite short duration prodiced a fat infiltration 
of the liver in rabbits and guinea-pigs’, and the above research shows 
that, in the rabbit, late pregnancy and early lactation are accompanied 
by the same phenomenon. Neither of these states can strictly be called 
pathological, and we have a further confirmation of the theories of 
Rosenfeld and Leathes that. a fat infiltration of the liver does not 
indicate a morbid state of that organ, but that it is functioning 
: ? Ergebn. d. Physiol. 1. i. 651 and many other places. 

2 Lancet, 1909. This Journal, xxxvit. p. 281. 
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liver was found to occur at, or about, the time of parturition. This . 


physiological and not a pathological process. 
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SUMMARY. 


In cate taken without previous dieting fatty infiltration of the liver 
was found in some cases in non-pregnant animals, so that no certain 
conclusion could be drawn from the infiltration found in pregnant 
animals, 

In rabbits dieted for a month, a decided increase in the fat of the 


result confirms the view that a fatty infiltration of the liver is a 


: The expenses of this research were mainly defrayed by a grant from the Royal 
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THE AFFERENT FIBRES OF THE ABDOMINAL VAGUS 
IN THE RABBIT AND CAT. By K. 0. NEUMAN. 


(From the Physiological Laboratory, Cambridge.) 


OBSERVATIONS on the reflex effects of the abdominal vagus are few, 
and in some respects conflicting. Frangois-Franck' states that 
stimulation of the various abdominal viscera, and in particular of the 
stomach and intestine, causes reflexly and by way of the vagus dilatation 
of the organs stimulated and a fall of blood-pressure. If this were so 
we should expect to obtain with considerable constancy a fall of blood- 
pressure on electrical stimulation of the nerve. This expectation was 
not fulfilled in the experiments of Brodie and Russell*. They 
stimulated the vagus in dogs and cats below the branches to the heart — 
and lungs. The reflex effects were slight and variable, and they only . 
obtained a fall of blood-pressure when the heart beat was slowed. 
Miller’s* experiments gave more marked results. He found that the 
effects of stimulating the vagus below the diaphragm were different in 
the cat and the rabbit. In the cat, the stimulation increased the 


respiration, caused a fall of blood-pressure, and tended to cause 


vomiting; he did not in any case obtain a rise of pressure, but his 
experiments were few. In the rabbit, the stimulation had usually no 
effect on respiration or on body movement, but caused a rise of blood- 
pressure ; the primary rise of blood-pressure was sometimes followed by 
a slight fall. He pointed out that the fall of blood-pressure in the cat 
might be due not to fibres acting directly on the vaso-motor centre, 
but to fibres acting indirectly by way of the respiratory or vomiting 
centres, Thus the question whether the abdominal vagi in the rabbit 
and in the cat are fundamentally, or only superficially, different in their 
afferent vaso-motor fibres is undecided. 

In view of this it seemed worth while to investigate the question. 
‘I have accordingly made a considerable number of experiments on the 
rabbit and cat. The animals were anzsthetised with urethane and 
A.C.E., the blood-pressure taken with a Hg manometer, the vagus 


branches just above the stomach tied and cut and the central ends — 
stimulated. 


Travaux du Lab. de M. Marey. 1904. This Journal, xxvi. p. 98. 1900. 
Arch. f. d. ges. Physiol. oxuat. 21. 1911. 
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AFFERENT FIBRES OF VAGUS. 85 
Rabbit. In the main my results agree with those of Miller quoted 


: above. Stimulation of the vagus below the diaphragm caused a rise of 
Fig. 1a. Fig. 1b. 


Fig. 2a. | | Fig. 20. | 
blood-pressure ; usually this was much more marked than that figured 
by Miller. It caused no appreciable change in respiration (upper 
curve). Fig. 1 a shows the effect commonly produced. For comparison’ 
$9 
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the effect of stimulating the cervical vagus in the same animal is given 
(Fig. 15); it will be seen that in this case there was cessation of 
breathing in expiration. The curves do not suggest any considerable 
variation in balance of pressor and depressor fibres in the two cases. 
The rise of pressure on stimulating the vagus below the diaphragm 
can be obtained repeatedly at short intervals. Fig. 2 shows the effect 
of the first and of the sixth stimulation, the interval between each 
stimulation being about 14 minutes, 

In the ordinary conditions of experiment no primary fall of blood- 
pressure was obtained from stimulating the nerves just below the 
diaphragm, but since Cyon and others have 
_ shown that certain anesthetics in excess turn 
_. the pressor effect of somatic nerves into a 
_ depressor one, I tried in a few experiments 
“the effect of excess of chloral, With in- 
creasing doses of chloral, the pressor effect of 
the nerves was first diminished and then con- 
verted into a slight, but only a slight, depressor 
effect. The fall of -blood-pressure obtained is 
shown in Fig. 3. So far as a reversal of action 
' with anesthetics can be considered as showing 
ii the presence of two kinds of nerve fibre, it 
- -.- follows that a few depressor nerve fibres are 

present in the abdominal vagus. , | 
Cat. In the cat, stimulation of the central end of the vagus on the 
cardia causes usually the effects described by Miller, viz. a fall of 
blood-pressure, and an’ increase of respiration leading to vomiting 
(cf. Fig. 4a). But a fall of blood-pressure is. not a constant effect; at 
times a rise is obtained. I have not determined with certainty the 
conditions in which there is a@ rise instead ofa fall, but some excess 


_ of anzesthetic seemed to be required. The rise may be accompanied by — 


reflex body movement and increase of respiration, or by increase of 
respiration without reflex body movement, or it may occur alone 
(cf. Fig. 46). Since it may occur without respiratory change, it may 
safely be inferred that it is due to the stimulation of pressor nerve 
fibres. As far as presence of pressor fibres is concerned, there is then 
no essential difference in the abdominal vagus of the cat and the 
rabbit. 

The question remains whether there is a difference as regards 
depressor fibres. We have seen that the evidence for the existence of 
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such fibres in the rabbit’s abdominal vagus is not very satisfactory, and 
even 80 far as it goes only shows the presence of a few fibres. In the 
cat, the reflex fall of blood-pressure on stimulating the nerve was in my 
experiments associated with vomiting or with an increase of respiration, 
which would almost certainly have passed into vomiting if the stimula- 
tion had been continued, and although I do not regard the evidence as 
entirely satisfactory, the view I-take is that the fall of blood-pressure 
_ is only caused by impulses passing from the vomiting centre to the 
vaso-motor centre, _ 


CONCLUSIONS. 

The abdominal vagus of the cat and rabbit resemble one another 
as regards their afferent vascular fibres, both are mainly, if not entirely. 
pressor. 

They differ in the other afferent fibres they contain; in the cat there 
are fibres which influence the respiratory centre and the vomiting centre 

“and fibres which—in the absence of anwsthetics—would no doubt give 
rise to pain. In the rabbit these fibres are either absent or represented 
in minimal number only. Depressor fibres are few or absent; the 
lowering of blood-pressure which in the cat follows stimulation of the 
abdominal vagus is probably due to an action of the vomiting centre 
on the vaso-motor centre. | 

I wish to thank Prof. Langley for suggesting this work and for help 
during its progress. . | 
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SOME RESULTS OF EXCISION OF THE ADRENAL 
| GLANDS. By T. R. ELLIOTT, M.D. 


(From the Research Laboratories of University College Hopital 
_ Medical School.) 


Tae observations, which are briefly narrated io this paper, hive 
been made at intervals during the last twelve years. All the experi- 
ments were made on the cat, an animal which invariably dies after 
excision ofits glands. My wish was to analyse the manner of this 
death, and especially to see whether the end comes with a general 


failure of the nerve and muscle machinery of the sympathetic nervous 


system, inasmuch as the medulla of the gland is so closely related with 
that limited division of the nerves of the body. 


The glands were always removed in their entirety by a careful dis- | 


section through a lumbar incision without opening the peritoneal cavity. 


Damage‘ to the gland was avoided, so that it could be weighed on — 


removal and, if required, examined histologically. — 
Survival time. Excision of a single gland was never attended by 


the least outward disturbance of the animal's health, Most animals, — 


‘including man, can live perfectly well with a single adrenal gland. 


Section of the splanchnic nerves on the side of the remaining gland 
does not obviously affect the animal’s health. It has been abundantly — 


proved that these nerves control the rapid discharge of adrenalin from 
the medullary cells, and that after their section the adrenalin is retained 
in @ persistently high load’. Hence it follows that the sudden out- 
pouring of adrenalin into the blood stream, which occurs with excitation 
of the splanchnic nervous system, is not essential to life. This fact has 
already been proved, though less directly, by several workers who found 


that a dislocated or transplanted adrenal gland sufficed to keep an 


animal alive. 
Complete excision of the second gland leads in the cat practically 


always to death. Therefore life depends either on a continual slow — 


excretion from the medullary cells or on some activity of the cortical 
? Elliott. This Journal, p. 874. 1912. 
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ADRENAL GLAND EXCISION. 39 


‘tissue. In a series of 25 cats the glands were removed successively, 
the second being excised at intervals varying from 8 weeks up to 
9 months after the first. Only one cat recovered completely so as to 


seem capable of living on indefinitely. It was examined and killed 
_ nine weeks after the second operation. The entire 25 fell into two 


main groups. In the first group, death occurred with the usual features 
early on the second or third day, a time almost as short as that after 
simultaneous excision of both glands. Nine cats belonged to this 


_ group; and in these as a rule the second gland was obviously hyper- 


trophied, the enlargement being almost entirely of the cortex. In the 
second division of 16 animals, life was prolonged generally for 6 to 
10 days, though two survived to the 22nd and the 28rd day, and one, 
as stated above, seemed to have recovered completely when it was killed 
in the 9th week. In these, the second gland rarely showed any enlarge- 
ment, but small accessory adrenals of cortical tissue were found to have 
hypertrophied elsewhere.. Hence one could generally predict the time — 
of survival of the cat by observing whether the second gaat was or 


- was not enlarged by compensatory hypertrophy. 


In another series of 21 cats, both glands were excised at one aind 
the same operation, and 19 died in from 18 to 48 hours (generally 
on the second day). Recovery from the ether was prompt; there was 
no shock, and for the first few hours the animal would appear perfectly 
strong and drink milk. Then the fatal weakness developed. Its onset 
_was delayed a little by keeping the animal in a warmed cage so that its — 
rectal temperature did not sink below 100°F. Only two cats survived | 
to the 9th and 10th day respectively. The time was unaffected by 
previous or simultaneous section of the splanchnic nerves. 

Nature of the death. The phenomena were very similar whether the 


_ glands had been removed simultaneously or successively. The descrip- 


tion given is drawn chiefly from animals in which the glands were 
removed in two operations, so that the longer survival gave a better 
opportunity for their examination. 

All the cats lost weight, and those which survived longest became 


- extremely thin. This was partly due to a loss of appetite ; meat being 


generally refused, and milk taken only in small quantities and without 

much relish. Post mortem the gastric juice had its normal acidity, and 

frequently two or three acute ulcers were found to be — & reetien 
of the full digestive power of the juice. 


ulceration has been described also by Finzi. Virchow’s Arch. ccxtv. p a1. 
1918. Uleers are not seen in hunian patients with Addison's disease. 
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40 R. ELLIOTT. 


The approach of death was always announced by the development * 
of a very characteristic weakness. When placed on the floor, the cat 
would walk a few steps and then stand switching its tail as though 


bothered by the difficulty which it found in walking. Soon it would lie 


_ down prone with chest and belly on the ground and the limbs rather 
relaxed. Later, in sheer feebleness it slid over from this position and 
_ lay on its side ‘with limp legs and tail fully extended, an attitude never 


adopted normally. Emotionally it showed no annoyance, and would — 


purr in a languid way until near the final collapse. The eye-balls 
lost their tension and became soft as the blood-pressure steadily fell. 
Special care had to be taken by artificial warmth in the cage to 
check the fall of body temperature, for otherwise the rectal temperature 
would have dropped from 103° or 104°F. to 85° or 90°F. ere death 
occurred. Convulsions were very rarely seen. 3 

Yet despite this characteristic prostration and weakness the animal 
could be roused by alarm to fully co-ordinated and fairly strong 
muscular movements. There was no paralysis of the skeletal muscles. 
or their nerves. This was very evident when the moribund cat was 
etherised for experimental examination. The anesthetic was given 
under a large glass bell jar, and here so soon as the cat smelt the ether 
it moved almost as freely and quickly as a normal animal would have 
done. There was also.the usual free salivation. An equally convincing 
proof of the full control of the skeletal muscles by the central nervous 
system was given by the appearance of decerebrate rigidity. _The blood- 
pressure of the dying animal was extremely low and it rose very little 
in the struggles attendant on etherisation. But often this slight 
muscular effort would cause the heart to fail still further and then, as 
the pressure sank to 10 or 15 millimetres and could no longer supply 
blood to the cerebral hemispheres, deep, gasping respirations would 
ensue and the fore limbs of the cat set stiffly in an extensor rigidity, 
while sometimes the hind limbs commenced an automatic walking 
rhythm. The intravenous injection of a small amount of adrenalin 
restored the blood-pressure, and with the fuller circulation the extensor 
rigidity disappeared rapidly. The sensitiveness with which this tonic 
control reacted to changes in the blood-pressure proved that-all the 


nervous connections of the trunk musculature were in a practically 


normal state. To the relatively coarse test by faradisation of the 

sciatic nerve the leg muscles responded with the usual contraction, 
‘The mechanism of the heart beat appeared to remain unaltered 

during the gradual failure of the circulation until death. In one cat, 
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ADRENAL GLAND EXCISION. | 41 


which survived double extirpation for 14 days, electrocardiograms were 
kindly taken for me by Dr- Thomas Lewis on successive days until the 
animal fell into its final collapse. These showed no variations from the 
normal curvés. 

The visceral nerves. No paralysis w was observed in the cardiac Rives 
of the vagus. A faradic stimulus of minimal: strength would slow the 
heart in the usual way. Reflex control was exerted also as in the 
normal cat, so that the heart beat faster when the vagi were cut, and 


_ especially so after the circulation had been stimulated by a small dose 


of adrenalin (see Fig. 1). The a reflex of the pupil through the 
third nerve was normal. 


- Fig. 1. Both adrenals excised 46 hours. Rectal T. 96°. Ether. Bl. pr. 16, and heart 


beat imperceptible. Adrenalin, 0°4 mgm., injected into external jugular to restore 
life. Bl. pr. rose rapidly and heart beat became very slow at 120 mm. Each vagus 
was cut in turn at the points marked. The heart escaped from vagal slowing, and — 
the pressure rose to 170. Later the cat showed well marked decerebrate rigidity in 
the fore legs and walking movements in the hind legs. The splanchnics were 
paralysed. Unless otherwise indicated in the tracing, the zero of bl. pr. is in all these 
figures given by the signal time. ee 


The pelvic visceral nerve to the bladder and rectum was perfectly 
efficient. A moribund cat, despite its low blood-pressure, would some- 
times void urine very powerfully in the early stages of anwsthetisation. 
Stimulation of the pelvic nerve caused the usual contraction of the 
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bladder wall. And it was always found in cats which were allowed to 
die quietly without experimental examination, that the bladder was 
contracted and empty, in contrast with the dilatation and engorgement 
of the splanchnic blood vessels. 

On the other hand a very real paralysis could be demonstrated in. some 
of the sympathetic or thoracico-lumbar nerves. This requires detailed 
discussion, The afferent nerves could apparently convey impulses as 
usual from the viscera. Certainly there was no loss of sensation in the 
cutaneous afferents. To prove that the visceral afferents were also 
functionally active was less easy, because blood-pressure reflexes were 
annulled by the failure of the efferent path. In a normal cat, when 
fully ansesthetised with ether, the stimulus caused by snipping with 
scissors the splanchnic nerve within the thorax is always so strong as to 
cause a reflex jump of the animal’s body. Exactly the same reaction | 
was observed when the splanchnic nerve was cut in these moribund cats 
under ether. Therefore the visceral afferents could convey impulses of 
the usual reflex power. 

On the efferent side the paralysis was restricted to the vaso-motors. 

The other sympathetic nerves did not show any notable loss of power ; 
thus the cervical.sympathetic would produce all its usual effects on the 
eye when stimulated by a minimal faradising current. The pilo-motors 
were also fairly efficient ; this corresponds with what I have observed 
clinically, that in- man in the last collapse of Addison's disease the 
pilo-motors can still be easily excited to a prompt “ goose skin” reflex 
by exposure or by rubbing the skin. | 

In order to test the vaso-motor nerves the splanchnics were cut and 
stimulated both together within the thorax. This method avoids all 
interference with the abdominal viscera. When the cat has yielded to 
the final weakness its blood-pressure is extremely low, 20 to 40 mm. 
under ether instead of the usual 120 to 160mm. So poor then is the 
circulation that there is no bleeding from the small vessels in the 
pre-tracheal muscles during tracheotomy. Under these conditions the 
splanchnic nerves yield even with strong stimulation a slow rise of 
only 10 or 20 mm. Such failure might be due to a block in the gan- 
glion cells, or to a loss of reaction in the peripheral tissues, either at the 
Junction of nerve and muscle or even in the contracting muscle itself. 

Nicotine, or cytisine, causes in the normal cat, especially after a’ 
preliminary injection of atropine to prevent inhibition of the heart, an 
abrupt rise of pressure to over 200 mm. This is the result of a simul-— 
taneous stimulation of all the vaso-constrictor ganglion cells, In the 
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ADRENAL GLAND EXCISION. 43 
cat that is dying after loss of its glands the rise is only 10 or 20 mm. 


been injected there may be 
actually only a fall from 


_ the vagal slowing of the 


heart (see Fig. 2). From 
this it follows that the vaso- 
constrictors and the cardiac 
accelerators are rendered 
impotent, either at the 
ganglion cells or some- 
where nearer to the peri- 
phery. 

Pituitary extract and 
barium chloride as is known 
normally cause a prolonged 
rise of blood-pressure, the 


first developing slowly while 


the second commences as 


high. If atropine has not 


Fig. 2. From same cat as Fig. 1. The experiment — 
had been in progress 70 minutes, and 2°2 mgm. 
adrenalin altogether had been injected so that the 
bl. pr. was improved. Nicotine, 5 mgms., in- 
jected; bl. pr. fell from 80 to 60 mm. with slowing 
of heart : strong muscular spasms of body. 


abruptly as that by nicotine; and it has been proved that in each — 
case the stimulus acts directly on the plain muscle of the blood vessel 
wall. On the circulation of these moribund cats the drugs are practically 
without effect (see Figs. 3 and 5) and direct inspection after the injection 


Fig. 3. Failure of barium chloride and of pituitary while nicotine and stimulation of the 
splanchnics were still moderately effective. Both glands excised, left 56 and right 
6 days. Cat still fairly strong: rectal temperature 102°. Bl. pr. 80, falling after 
section of splanchnics in thorax. Stim. splanchnies, rise from 48 to 60. Atropine 
4mgm. At N inject 4 mgm. nicotine, rise of bl. pr. 40 to 70, and strong contrac- 
tion of bladder, colon, and ears. At P inject °5c.c. pituitary extract, bl. pr. unaffected. 
Later adrenalin raised bl. pr. from 20 to 160, but barium chloride was as ineffective 


as pituitary extract. 


of nicotine or barium chloride reveals that the blood vessels do not 
contract either in the intestinal wall or in the spleen. From this it 
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would appear that the paralysis of the splanchnics i is not ile to any 

fault in the nerves themselves, but arises simply from a loss of 
contractile power in the muscles of the blood vessels and perhaps of 
the heart, 

Yet even in this general failure adrenalin can still act. A quantity 
little larger than that needed in a normal cat will raise the blood-pres- 
sure to 150 or even higher, while the heart beats with full vigour again. 
The muscle is therefore still capable of contraction. Repeated injections 
of adrenalin do not uphold the level of the blood-pressure indefinitely, 
nor do they bring back the power to react to nicotine or splanchnic 
stimulation. Some experiments may be quoted in detail to cneayete 
these general statements, 

‘The vaso-motor paralysis was found only in the very weak and mori- 
bund animals. If the cats were examined soon after excision of the 
adrenals and before they had fallen to this degree of collapse, their 
blood vessel reactions were found to be almost normal. Of such a 
condition the first three experiments furnish examples. - 


Exp. 1. Large entire ¢ cat, 3200 gm. Right gland excised=-20 gm. 74 months 
later, weight 8500 gm.; left gland excised, =°23 gm. Examined under ether 9 weeks 
later, when cat was in fair health, though thinner, 8050 gm. There was no Addisonian 
pigmentation. 

Bl. pr. 170 mm., falling to 70 after section of splanchnics in thorax. | 

Stim. both splanchnies in thorax ; bl. pr. 60 to 110, a ee ioe 
adrenalin drop}. 

Adrenalin, 025 mgm., injected ; 76 to 160. 

Pituitary extract, °5 ¢.c. of 20 %/,, injected ; 100 to 160 to 130. 

Killed. Three accessory cortical glands found along the spermatic veins below the 
kidney, only one of which contained a trace of chromaffine cells : ‘tptal weight of the 
three = gm, 

Abdominal paraganglia of normal size. Thyroid and thymus normal. : 

Pituitary small = *088 gm. 

Exp. 2, Both adrenals excised at once. 18 hours later, teisly dicing arid can sit on 

11,27, Etherised. BI. pr. 40. 
in consonance with these movements. 

11.40. Both splanchnics out in thorax: no farther fall of bl. pr. 

11,52. Inject cytisine 5 mgm., bl. pr. 44 to 180. | 

11.56. Stim. splanchnios, no rise owing to block by cytisine. 

11,58. Inject adrenalin 025 mgm., 50 to 200. 


Exp. 8. Pregnant female. Both glands excised. 
kittens ; 22 hours after operation quite strong. Ether. Bl. pe, 100." 


1 Of. Elliott. This Journal, xu1v. p. 402. 1912, 
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ADRENAL GLAND EXCISION. 45 


Stim. both splanchnics ; 60 to 110. 
Inject 5 mgm. cytisine; 100 to 200 to 50. 
Inject -02 mgm. adrenalin ; 34 to 240. 


| Fig. 4. 
- _ The next examples illustrate the more complete paralysis. 


Exp. 4. Small, entire ¢ cat, weight 2230 gm. Right gland excised = -16 gm. 
105. days later the ont Raving gown to adult cise: left gland excised 


= °25 gm, 
5 days later, moribund, weight 2850 gm., rectal Knee jerks brisk Very 
light etherisation. 
Stim. cervical sympathetic, full eye reactions. 
+4 Stim. vagus, heart slowed, bl. pr. 50. | ; 
r Atropine 10 mgm. Nicotine 8 mgm. and again 8 mgm. (at N,N’, Fig. 5), bl. pr. 86 
a slight slowing of heart and strong twitching of body muscles. | 


Adrenalin °025 mgm., bl. pr. 30 to 180 (at Ad, Fig. 5). 
Pituitary extract, -5 c.c. of 20°/,, bl. pr. 40 to 50. 
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46 BLLIOTT. 


Adrenalin -025 mgm, bl. pr. 40 to 210. 


Killed. No accessory adrenals found. Testicles contained a normal load of inter- 


stitial fat. 


Exp. 5. Both adrenals excised. 14 hours later, morphia 20 mgm.; this made cat 


Fig. 6. 
legs. Reotal T. 99:5°F. Ether. Bl. pr. 56. 


Fig. 


Stim. right vagus: full inhibition. 


angry and very excited all theday. 22 hours 
after operation, rectal T. 103°5°F. Ether. 
Stim. cervical sympathetic, full effect 
with minimal stimulus on Kronecker in- 
ductorium. Bi. pr. 48. 
Cuteplanchmics, bl. pr.44. 
Stim. both splanchnics, at S., Fig. 6, bl. 
pr. 28 to 36. 
Inject 6 mgm. cytisine at C Fig. 6, heart 
slowed, bl. pr. 20 to 28. 3 


Inject “02 mgm. adrenalin at Ad, Fig. 7, 
bl. pr. 20 to 180. (Fig. 7.) 


Exp. 6. Youngcat. Both adrenals ex- 
cised, Right splanchnic nerve cut. Ten 


days later, very weak and unsteady on hind 


7. 


Cut left splanchnic in thorax: sensory twitch reflex of body. | 
Stim. left splanchnic : bi. pr. 50 to 64, but full pilomotor effect on dorsal hairs. 
Clamp sciatic nerve : bladder forcibly emptied as a reflex, but no rise of bl. pr. 


Inject nicotine, 10 mgm. bl. pr. 80: heart 
Adrenal, -04 mgm., bl. pr. 20 to 180. 
Not examined for accessory glands. 
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ADRENAL GLAND EXCISION. 47 


Adrenalin, -02 mgm., quickly injected : cat recovered and respiration commenced 
anew. Again -02 mgm., bi. pr. 40 to 210. 

Atropine, 4 mgm., bl. pr. 40. 

Nicotine 4 mgm., bl. pr. 18, no rise. 

Pituitary, -5 c.c., bl. pr. 36 to 48. 

Barium chloride, 1 c.c. of 2°4°/,, bl. pr. 48 to 50. 

Adrenalin, 08 mgm., bi. pr. 40 to 160. Cat moves tail and claws in fullest eo- 
ordination. 

Nicotine 4 mgm., bl. pr. 40 to 48. : 


Fig. 8. 
8, Both adrenals excised, and right splanchnic cut. 50 hour ltr, ater 


Rectal T. 98°F. 

a 2.15. Ether. Bi. pr. 26. Artifieia) respiration needed. 

2.30. Cut left splanchnic below diaphragm : bl. pr. 26. 

Stim. left splanchnic, Kronecker scale 2000 with 8-5 volts, bl. pr. 26.to 84. 
Cut vagi, heart beat accelerated. ~ 
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Stim, right pelvic, fall ipsilateral contraction of bladder. 

_ Stim, cerv. symp., fair reaction. 

8.10. Nicotine, 10 mgm. at N, Fig. 8, bl. pr. "95 to 20, as heart slowed, and then 
rise 40: 80. - 

8.15, Adrenalin, 08 mgm, at Ad, Fig. 8, bl. pr. 22 to 186, 


These last five examples illustrate the paralysis of the blood vessels. — 


Many similar experiments were made and they all gave uniform results, 
provided that the animal was examined in its last stage of collapse. 
No reflex or direct stimulation, except that of adrenalin, could elicit a 
rise of blood-pressure. Cybulski had observed in his original paper that, 
after removal of the adrenal glands, asphyxia failed to cause its usual 
rise of blood-pressure by central nervous stimulation and, though this 
was denied by Schafer and Oliver, I found his statement to be quite 
true. It is a further illustration of the final paralysis that is analysed 
in this paper. . 

Certain control experiments remain to be quoted. It is almost 
unnecessary to exclude the suggestion that in the dissection for the 


removal of the adrenal glands, the splanchnic nerves might themselves — 


suffer direct damage. The nerves were avoided, but even had they been 
injured the damage could not have accounted for the peripheral loss 
of reaction to barium or pituitary. As direct experiment showed, the 
operative procedures, apart from excision of the adrenal glands, caused 


no appreciable change in the effect of barium chloride, sya or 


other drugs. 

Nervous control of vaso-motor tone The analysis by drugs proves 
_ that the loss of vascular tone described above is caused by a peripheral 
failure and not by a primary paralysis of the vaso-motor nerves. The 
nerves appear to be paralysed because the muscle cannot respond to 
their excitatory impulses. When the mass of the vaso-motor nerves are 
removed, and the blood vessels are left only with the secretion of the 
adrenals to maintain their automatic tone, an entirely different picture 
is seen. Section of the splanchnics on both sides causes no apparent 


interference with a cat's health. The blood-pressure after such an 


operation was found 20 days later under ether to be 150, and it reacted 
well to nicotine and to adrenalin. 


Exp. 9. Laminectomy, and spinal cord destroyed from the first thoracic segment down 
to the fourth lumbar. 29 hours later—cat strong, but syncope was at once induced when 
the animal was raised to a vertical position. a 
of the adrenals until a cat is in its final collapse. | 
Rectal T, 80°. Pre-tracheal muscles fall of blood. 100. 

Stim. left spl., bl. pr. 84 to 166, 
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Nicotine 10 mgm., bl. pr. 92-22-206. 
Adrenalin -018 mgm., bi. pr. 70 to 172, 


‘Exp, 10. Both stellate ganglia removed by dissection through posterior thoracic wall. 
28 days later splanchnics cut and all the mass of the semilunar ganglia removed. 


| Recovered perfectly: no syncope, when placed in the vertical position. 


9 days later etherised. Heart beating strongly, bl. pr. 140. 

Vagi cut, rise to 190. Stim. splanchnies, no effect. 

Atropine 6 mgm.., bl. pr. 140. 

Nicotine 4 mgm.., bl. pr. 120 10, the sap Ing very sor, perhaps in 
of the removal of so many vaso-constrictor ganglia. 

Pituitary. extract, c.¢., 110 to 90 to 170. 
2 Adrenalin, 025 mgm., 120 to 220. 

Barium chloride, 1 c.c. of 2°4°/,, 150 to 190. 

Killed. (Hleo-colic sphincter was found to have been fully competent.) 


Exp. 11. At one operation there were excised both stellate and the semilunar and 
inferior mesenteric ganglia. Weight 8000 gm. In the next seven days the animal drank 
only a little milk and lost 1000 gm. in weight, though it walked about with fair strength. 
Etherised. Rectal T. 102°5°F. BI. pr. 108. 

All the muscles were full of blood, unlike the dry, ansmic state of the tissues in the 


glandless cat. Intestines. not congested, but they showed increased peristalsis, and 


blanched and contracted with unusual readiness in response to a local touch. 

Bl. pr. fell to 60 as soon as the viscera were exposed and remained henoeforward st 
this low level. 

_Adrenalin, ‘01 mgm., 54 to 114. Killed. Adrenals weighed -26 and -30 gm., being 
loaded with chromaffine substance. . 


It has been shown by Schiff, Ewald, Goltz and others that the - 
tone of the blood vessels is not derived entirely from their connection 
with the peripheral ganglia or with the central nervous system. In the 
experiment given above it is seen that after severance from the major 


part of the visceral ganglia, and after destruction of the central nervous 


system control of the entire vaso-motor system, the blood vessels gave a 
full reaction to barium, pituitary, or adrenalin, though the effect of 
nicotine was naturally modified by the loss of the peripheral ganglion 
cells, which lessened the extent and the abruptness of the rise. : 
Shock and lowered temperature. Insomuch as the atonic paralysis 
cannot be demonstrated- except. in the final collapse of the animal, it 
might be urged, as indeed it has been by Hoskins and Wheelon; that 
this is only such a terminal phenomenon as may appear in any condi- 


tion of shock and collapse, and that it is not a peculiar result of the 


absence of the adrenal glands. To this an obvious reply would be that 
even were the phenomena of fatal shock and those consequent to loss of 
the adrenals to be identical, yet that would only suggest that the cause 
| 1 Amer. Journ. Physiol. xxxtv. p. 172. 1914. 
PH. XLIX, 4 
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in each is the same, namely loss of adrenal secretion. It has been 
proved that severe shock does exhaust the adrenal glands to a profound 
degree. But the phenomena are not altogether the same. In moderate 
shock there is very little paralysis. 

With greater shock there is fall of temperature and greater vaso- 
motor paralysis. Now fall of temperature in itself produces some 


degree of paralysis, and especially in the circulatory muscles. This can — 


be studied by placing an etherised animal in iced water until the rectal 


temperature falls to 85° F.(29°C.)*. All blood-pressure rises are then : 
lessened and delayed, equally whether it be to adrenalin or to nicotine. 


But there is not so much paralysis as after excision of the glands. 


8.40. 
8.60. Atropine, 10 mgm. Rectal T. 102°F. 
8.54, Stim. both splafichnics, bl. pr. 180-170-150-200. 
4.5. Cooled in iced water. 
4.85. Rectal T. 85°. Adrenalin, -025 mgm., bl. pr. 90-184. 
6.15. Rectal T. 84°. Stim. both splanchnics, 84~-140-110-120. 
5.20. Nicotine, 6 mgm., 180-175. , 
5,27. Barium chloride, 1 6.0. 2°4%, bl, pr. 140-190. 


Fig. 9, 


In this last example the animal was cooled for only one hour. 
When the temperature is kept at an abnormally low level for a longer 
time the blood-pressure does not fall any lower, but it reacts slowly to 


- stimuli, while the heart beat also becomes unusually slow. This factor of 
low temperature certainly entered into the next example of profounder 


shock. 

Exp. 18, Left stellate ganglion excised under chloroform. Twenty hours later the 
animal had not recovered and now lay utterly collapsed, and apparently lifeless 
respiration very slow. RectalT.94°F, 
1 Of. Elliott, This Journal, xxx. p. 452. 1905. 
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_ developed. Shock, to be such, must be in evidence at once after the 


‘pathology, where facts lie to demonstrate what might, indeed, be 


ADRENAL GLAND EXCISION. 


. Ether. Bl. pr. 60, with slow, big heart beat, uninfluenced by section of vagi. Cut 
both splanchnics at 4. Stim. both at B (Fig. 9), 56 to 70. 
Nicotine 5 mgmi., bl. pr. 46, heart slowed still more. 

Adrenalin 02 mgm., 44 to 108. 


_ It must be granted, therefore, that shock and cold can produce 
changes in the blood vessels which are not unlike those consequent to 
removal of the glands. But shock does not explain the phenomena 
seen in the latter case, for the cats recovered perfectly after the 
operation and showed no untoward symptoms until the fatal weakness 


peti and it must develop its paralysing collapse progressively to 

Nor can cold be accepted in explanation, for the use of artificial 
heat prevented the temperature in the glandless cats from falling more 
than 5°F. | 

Cortem of the gland. As stated above, compensatory hypertrophy 
is an overgrowth of the cortex rather than of the medulla. The 
accessory glands, which may enlarge in this reactive process, are 
composed almost entirely of cortical cells. Exp. 1 suggests that they 
may be enough to provide what is needed for the maintenance of life. 
But compensatory hypertrophy is variable and it often fails to take place 
after removal of one gland. | 

In addition to the share that they probably take with the medulla | 
in providing the means needed to maintain the cardio-vascular tone, 
the cortical cells do undoubtedly preserve a remnant of some old 
ancestral power which influences the growth of the animal in respect 
of its sexual attributes. Of this physiology has as yet discovered no 
evidence, But the proof is sufficiently convincing on the side of human 


surmised from the arguments of morphology. Large tumours of the 
adrenal cortex cause the human body to acquire the characters of 
adolescence: years before the proper epoch of puberty. In addition to 
this premature setting of the body, there is in such cases a strong 
tendency for the features of maleness to be exaggerated, and even to 
submerge those of femaleness with which the body was endowed before 
the cortical tumour commenced to grow. By the kindness of Dr Gordon 
Holmes, I was able to observe a striking example of this change. A 
young woman, who had developed in a perfectly normal way until the 
age of twenty, found that her. catamenia then ceased. Hair soon 
commenced to grow on her face ; and four years later she was bearded, 
4—2 
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and the muscles of the lower half of her body showed a masculine 


contour. The menses had never returned. Emotionally she was still 
female. A few months later a tumour could be felt on the right side 


of the abdomen, and on removal this was found to have arisen from the 
cortex of the adrenal. Soon after the operation the menstrual flow 
recommenced, but sufficient time has not yet elapsed to show whether 
her body will regain its femaleness, and so complete the argument. 
‘The adrenal cortex then contains some element that governs the 
maleness of the body. Embryologically its cells are derived from a 
tissue lying close to the kidney, from which the sex gland also originates. 
As the latter descends in the abdomen it carries with it along the 
- spermatic veins small islets of this tissue, which later may develop to 
form the accessory adrenals that have been described in these experi- 
ments. The interstitial cells of the testis, which are laden in many 
animals with fat resembling that of the adrenal cortex, are therefore 
related morphologically to the latter. | 
I examined the testicles and the ovaries of cats which had survived 


single and double extirpation of the adrenals for a long time. They — 


showed no abnormality. Conversely, I found that ovariotomy (three 
cases for one year) and castration (nine cases, interval unknown) 
produced no correlated changes in the weight of the adrenal glands. 


The adrenals of cats vary considerably in size from individual to 


individual. A series of 85 cats was taken, and the weight of the glands 
tabulated in the scale of body weight. The glands of the cats, which 
had been castrated or ovariotomised, fell within the normal limits of 
divergence for this series. Thus the experiments failed to give evidence 
of interchange of function between the interstitial cells of the testis and 
the cortical cells of the adrenal gland. ce | Be 


Summary. 

Removal of one adrenal gland in a cat does not obviously affect the 
animal’s health, nor does it when in addition the splanchnic nerves on 
the opposite side are cut. It causes usually some hypertrophy of the 
remaining adrenal, and of accessory adrenals. The hypertrophy is 
almost entirely of cortical tissue. Subsequent removal of the remaining 
gland practically always causes death, but death does not usually follow 


as quickly as when the two glands are removed,at one operation; this 


is probably a consequence of the hypertrophy mentioned above. In 
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- reacting in an approximately normal manner). ‘Thus stimulation of the 


characters. 
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the moribund cat the blood-pressure is low, and there is nearly complete | 
paralysis of the vaso-motor and cardio-accelerator nerves (all other nerves 


splanchnic nerves, and injection of nicotine, cause very slight rise of 
blood-pressure. The paralysis is due to a change in the unstriated 
muscle, since pituitary extract and barium chloride have little or no 
effect. On the other hand, a rise of blood-pressure and a quickening 
of the heart beat are still caused by adrenalin. The paralysis of vaso- 
motor nerves is not due to shock. A sufficient decrease of temperature 
causes a somewhat similar paralysis, but the decrease of temperature in 
the glandless animal is insufficient to account for the paralysis found. 
The paralysis is then a change due to the absence of adrenal secretion. 

Some evidence is given that the cortical adrenal cells influence sex 


Towards the expenses of this work grant was received from the Graham Research 
Fund of the London University. / 
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THE RELATION BETWEEN SUCCESSIVE RESPONSES 
OF THE VENTRICLE TO ELECTRIC STIMULI AND 
VENTRICULAR FIBRILLATION. By A.G.LEVY. 


"(From the Cardiographic Department, University College 
Medical School*.) 


I HAVE recently had under consideration the relation of complex 

ventricular tachycardias (such as are the outcome of the action of 
adrenalin upon the mammalian heart under chloroform) to ventricular 
fibrillation, and the following investigation was originally undertaken 
in order to ascertain if similar processes were involved as a result of 
faradization of the ventricle. The processes involved, as it turns out, 
are in some respects dissimilar, but the results obtained possess con- 
siderable intrinsic interest, especially when considered in the light of © 
recent observations made by G. R. Mines* upon the conditions attending 
the effect of successive induction shocks upon the frog’s heart. If the 
ventricle be excited by a rapid succession of electric stimuli it does not - 
respond to every stimulus, for instance every second or third stimulus 

alone may elicit a response, but if the stimuli be applied at first at a slow 
rate, and the rate very gradually increased, then the ventricles may be 
made to respond to every successive stimulus, With the increase in the 


rate of stimulation certain changes in the electrical responses are noted, 


which make the increased rate of contraction possible, viz. (1) the wave 
of excitation lasts a shorter time at any one point in the muscle, (2) the 
rate of propagation of the wave of excitation becomes slower. “The 
wave of excitation becomes shorter and slower. Similarly the refractory — 
phase (towards strong induction shocks) is shortened.” From these 
observations Mines argues that a wave of excitation may become so 
slow and so short that the excited state will have passed off at the point 
of stimulation, and have left it again highly excitable, before the wave 
has passed around the ventricle and back to its point of origin; under 
such circumstances the wave may spread a second time over the same 

1 Towards the expenses of this work a grant was nenres Sem Ree Graham Research 


Fund, University of London. 
This Journal, 849. 19138. 
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- tract iui may continue to circulate thus independently of any stimulus. 


_ established between a rapid succession of ventricular responses and | 


_ of the primary coil. The strength of the shocks was generally adjusted 
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He suggests that such a circulating rhythm may constitute the condition 
known as ventricular fibrillation, and that in this way a connection is 


ventricular fibrillation. | 

Methods. The animals employed were cats. The anesthetic was 
either chloroform or urethane and ether. In a few cases anesthetisation 
by cerebral pithing was performed. In some of the experiments an 
initial intravenous dose of atropine sulphate (8 mgms.) was injected. 
The volatile anmsthetics were administered through regulating inhalers. 

The thorax of the animal was opened and the pericardium incised 
to allow of the application of a pair of fine fish-hook electrodes to one - 
of the ventricles; the electrodes were connected by a thin cable to the 
induction coil, and the chest walls were then brought into apposition. 
A signal to record the individual shocks was introduced into the circuit 


so as to be fully efficient in evoking ventricular responses but not 
unneeessarily strong. The records were for the most part electrocardio- 
graphic, the lead adopted being the right fore-leg, left hind-leg. The 
time was marked in intervals of 4” and ¥,” by means of a Bull rotary 
time marker, A Lucas’ comparator was used to measure small intervals 
in the graphic records, ’ 
The rate of the induction shocks was regulated by means of a 
Gaiffe interrupter, to which a fine screw adjustment was adapted for the 
purpose of producing gradual and progressive variations; a.long index 
hand with a graduated arc served to afford a rough guide to the rates 
employed. This form of interrupter is not entirely satisfactory, for the 
rate of vibrations does not always remain constant, the fluctuations 
being sometimes considerable ; for this reason my investigations have 
been in some respects limited. At the onset of the faradic current the 
rate of shocks is always inconstant, but after a little interval the rate 
may become fairly or completely constant ; the vibrator was therefore 
always set going for a time before actually stimulating the heart. The 
shocks were thrown into the ventricle by a double key which made 
both the circuit to the electrodes and another circuit to a signal, 
worked by a separate battery, at the same moment. This signal was 
especially useful for sciaseoeieac the exact moment of cutting out the 
current, 
_ In another series of experiments in which two pairs of electrodes 
were employed, through which shocks were delivered in alternate 
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succession, a different form of interrupter was employed. A disc was 
‘rotated at an adjustable rate by means of a friction gear driven by an 
electric motor. A projecting stud on the periphery of the disc broke in 
~ .guecession two contacts at equal intervals of time. These two contacts _ 
were connected with separate induction coils, and the two coils were — Pe 
adjusted to give as nearly as possible the same strength of stimulation. a 
Owing to the want of fine adjustments for spacing and regulating the * 
rate of shocks, this method was not always completely satisfactory. 4 
(a) Blood-pressure effects. A succession of responses to induction 4 
shocks applied to either ventricle is accompanied by a reduction of the 
bluod-pressure; the more rapid the responses the lower the pressure — . 
becomes, until eventually it falls to a virtual zero point, the ventricular j 


the latter condition by the immediate resumption of a normal rhythm 
| and a consequent rise of blood-pressure on cessation of the stimuli. 

Five experiments were performed in this branch of the investigation, 
a Htirthle manometer being employed in conjunction with a damped — 
mercury manometer, both connected with the same carotid artery, the 

- curves being registered on a kymograph. The results were substantially 
the same in all the animals—they did not appear to be materially 
affected by the form of the anzsthetic or by the injection of atropine. 
Exp. 1 will serve as an example. 


Exp. 1. Cerebral pithing. Electrodes applied to left ventricle. en ee 
pressure= 90 mm, The results may be expressed in tabular form thus: 


-- responses being then entirely ineffectual as a’ driving force. The F 
“aaa succession of muscular responses at or near this extreme stage presents ‘ 
| to the eye the spectacle of a rapid quivering of the muscular walls, : 
— similar to that of the fibrillating ventricles, but it is differentiated from 


excitations responses aving 
340 840 88 mm. 

2. 420 210 4, 

8. 570 286 

4. 720 860 89 

5. 360 360 36 

6. 510 510 7 

4. 720 860 

8. 1820 Nil, fibril- 14 ,, (virtual — 

lation zero) 


| Such results are in conformity with Mines’ premises, As the 


ventricle responds in increasing rate to a sequence of electric stimuli | 
the contraction wave becomes shorter and slower in rate of propagation, | 
so that the ventricle becomes less and less uniformly — and 
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eventually only a portion of the ventricular wall is in a state of 
maximum contraction at any one moment. The ventricular contraction 
becomes therefore less and less effective with increasing rates of 


_ responses, and the blood-pressure gradually falls, During fibrillation 


the blood-pressure is invariably reduced to zero. | 
(6) lectrical effects. A number of records were obtained from a 


single animal which illustrate very well certain effects of a relatively: 


low rate of faradic shocks applied to the ventricle (Exp. 2, Fig. 1). 
Expr. 2. Chloroform, 1°), throughout. Electrodes applied to the left ventricle at its 


_ base, near the septum; the deviations of the electric response to the stimuli are in a 


downward direction in the electrocardiograms. In the figures A =cut out signal. 


B-=electrocardiographic curve. C=Hiirthle curve. D=shock signals. Time marked 
in $”. Reduction to 4. 


4 * 
— 
~~ 
Fig. la. 


Fig. 1 (a). Rate of excitation, 710 per minute; response of ventricle 


to alternate shocks at a rate of 355 per minute. The blood-pressure 


is notably depressed. On cessation of the excitation the ventricles 
immediately become inactive and after a short pause assume a spon- 
taneous beat; the blood-pressure recovers at the same moment. 

Fig. 1 (6) shows a higher rate of ventricular response. Excitation 
rate=930 per minute, response rate=465 per min. In this case likewise 
the ventricle becomes inactive on cessation of the excitations and after 
& pause resumes a perfectly normal beat in response to auricular 
contractions. It will be noted that the arterial pulsations cease entirely 
and the pressure falls virtually to zero during the responses to the 
shocks; the arterial pulsations are resumed with the resumption of 
normal ventricular beats. In this record the rate of propagation of the 
wave of excitation indicated by the duration of the downstroke of the 
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58 LEVY. 
response to a shock may be compared with its duration in the normal 


beats, indicated by the upstroke of the “R” variations. The rate of | 


: Propagation of the wave in the artificial cycles is notably slower; the 
initial deflection and its return occupy practically the whole cycle. 


In Fig. 1 (c) the responses are very similar in form to those of the — 


preceding figure, but their rate is slightly higher, viz. 486 per minute. 


_ In this experiment it will be observed that there is a response to each 


Fig. 15. 


Fig. 1c. 
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21 mm. (=0:1235"), corresponding to the intervals between the induc- 


fibrillation. 
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from the normal responses; the peaks are more blunted, and more 
especially the duration of the cycles is slightly prolonged. The three 
cycles preceding the final response each measure from peak to peak 


tion shocks, bub the measurement from the peak of the final response 
to the commencement of the first automatic deflection is 2°3 mm., and 
the measurement between ‘the initial points of the two automatic 
deflections is 2°56 mm. 

This. effect may ‘be thus biteteinibads-the wave of excitation hes 
become so short and so slowly propagated that the point of excitation 
has become very fully excitable and capable of responding not only to 
an induction shock but likewise to the presumably less active excitation 
wave when this is allowed to reach it on cutting out the shocks. The 
wave of excitation reaches the point of excitation at a little later 
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moment than that at which a following shock would be due, therefore 
the following cycle is a little delayed, and a reverse application of 
Mines’ theory would possibly account for the circulating rhythm dying 
out asa result of this delay. It is conceivable that at a slightly more 
rapid rate of responses the delay would be minimised and then a 
permanent caromianings rhythm might be initiated on cessation of the 
shocks. 

I have in one ther instance succeeded in repeating this sieandidiai, 
the record being almost precisely similar to that reproduced ; these two 
automatic cycles represent I believe the earliest expression of ventricular 


Fig. 1d shows fully established fibrillation, obtained by a somewhat 
prolonged application of shocks at the rate of 925 per minute. There 
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is a notable resemblance between the cycles of ventricular fibrillation 
and those of the responses in Figs. 1 b and 1c; in fact the main definite 


difference lies in the variability of the rhythm in fibrillation, which 


fluctuates between 500 and 470 per minute in this instance. Further 


in the short periods marked x x the cycles deviate from the general type ; _ 


the electrocardiogram of ventricular fibrillation always displays to a 


greater or less degree alternating phases of cycles of the simple type 


which predominate in Fig. 1 d, and phases of cycles of a more compli- 
cated type (Figs. 2 and 4) which approximate to those marked x x 
(Levy and Lewis’). The more irregular cycles do not appear at the 


moment subject to any positive explanation; but the simpler cycles — 


usually constitute the earliest phase of fibrillation and with regard to 
them we are able to make the following statements: (1) They are akin 
in form to the cycles of a series of rapid responses to induction shocks. 
(2) They are in a direct sequence to such responses (Fig. 1c, and 
Figs. 2 and 3). It may therefore be taken that they represent a 


‘recurrent process (although one of somewhat irregular rhythm), and one 


similar in nature to that produced by rapid successive stimuli applied 
to the ventricles ; that this process is a circulating rhythm is the only 
acceptable explanation at the present moment’. Furthermore we may 
conclude that the onset of ventricular fibrillation is essentially dependent 
upon the rate of the preceding ventricular responses. 


A sequence of responses at a relatively low rate may be maintained 
apparently indefinitely without causing fibrillation ; thus I have recorded 
a sequence of responses at a rate of 330 per minute for a period of 


8 minutes. A sequence of responses-at a rate of over 400 per minute 


will generally culminate in fibrillation, though by no means invariably. 


The reason for the transition into fibrillation is not quite clear in such 
instances. 

When every shock elicits a response and the rate of excitation is 
very gradually increased, the ventricles eventually fibrillate. There 


would appear to be a maximum rate of response for individual hearts, — 


generally lying between 450 and 600 per minute ; if an attempt be 
made to force the pace beyond this maximum, the ventricles new, 


a Heart, 1. 99. 1911. 


? Farther evidence in support of this conclusion is afforded in the case of ventricular 


fibrillation induced by the intravenous injection of a solution of barium chloride. In 
such a case the electrocardiogram does not differ from the usual type; but the cycles 
recur at a considerably slower rate, about 250 per minute, and the successive waves of 
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or else they slow down with a 2 to 1 response, “especially if the increase 
of rate be not sufficiently gradual. It is evident that, presuming a 
maximum ventricular rate to be attained, further shortening the 
intervals between the shocks would cause an excitation to fall within 
a refractory period, so that in effect the shock would be cut out and 
a circulating rhythm set up in consequence ; this is a possible explana- 
tion of the transition under such conditions. The continuation of the 
shocks for some little time after the onset of fibrillation appears to 
have an influence in making it a permanent condition. 

In many of my experiments the rate of excitation exhibited 
spontaneous variations owing to the defect in the apparatus already 
referred to, and in several records a variation synchronized with the 
onset of ventricular fibrillation ; this variation might very well cause 
the shocks to become ineffectual through falling in refractory periods, 
and in some cases in this way to be the immediate cause of fibrillation, 
but perfectly constructed apparatus would be essential in order to 


Fig. 2. x3. A, shock signals. B, Hiirthle curve. The upper row of figures denotes 
the numerical order of the shocks referred to in the text. The lower row of figures 

_refers to the upstrokes of the corresponding electric responses. 
decide this point. It may be said that certain fast rates of ventricular 
responses tend to pass into fibrillation, but for the moment the exact 
conditioning cause of the transition must remain open to question. 

Exp. 3 illustrates the passage into ventricular fibrillation. as a 
result of the gradual increase in the rate of induction shocks; the 
record is reproduced in Fig. 2. 

Exr. 8. Chloroform, 6°%,. Atropine sulphate 3 mgrms. by intravenous injection. 
Electrodes on right ventricle; 5 mm. below the root of the pulmonary artery and 5 mm. 
to right of septum. The initial electric response to the shock is an upstroke in the 
electrocardiogram. The rate of excitation was gradually but somewhat rapidly increased ; 
thus the interval between shocks 1 to 2=4°9 mm. in measurement, =0°14” duration, 
=rate of 428 per minute. The interval between shocks 22-28 = 8°05 mm., =1128”, 
=rate of 531 per minute. 


Each shock evokes a ventricular response, and up to the 19th shock 


the intervals between the upstrokes of the electrical responses are 
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approximately equal to the varying intervals between the shocks. There : 

is some difficulty in clearly defining the exact commencement of the : 

upstroke, and some allowance must be made for this The 19th = 

cycle however is of slightly longer duration than the 19-20 shock 

interval, and the succeeding cycles are clearly not responses to the 
_ shocks as the discrepancy between the-intervals is very marked. 


responses per minute in mm. ‘ fp mm. 
10 to 11 483 4°85 
11 to 12 424 4°95 50 
12 to 18 428 49 5°0 
433 4°85 49 
14 to 15 4338 4°85 4°7 
15 to 16 446 4-7 4°85 
 16t0 17 446 4°7 4°75 
17 to 18 460 4°55 4°5 
18 to 19 460 4°55 45 
19 to 20 487 43 4°5. 
20 to 500 4-2 4°85 
21 to 22. 506 “4°16 40 
22 to 23 581 . 3°95 
28 to 24 45 
24 to 25 ee 8-95 3-2 


It would appear that the 19th cycle is the last true response to 
excitation and that thereafter the cycles are automatic and that they 
represent in fact the condition of fibrillation. Some further evidence — 
is afforded by the pulse curve, which is indicated by small waves up to 
the 19th cycle ; thereafter it ceases entirely. The first few automatic 
beats are similar to the preceding responsive cycles and from their form 

: alone it would be difficult to say at which point fibrillation commenced. 
The later cycles assume a more irregular and complicated form, and in 
the continuation of the record the phases of simple and complicated 
cycles alternate in the usual way. 

_ In the case of faradic currents of greater frequency the sequence of 
events appears to be essentially the same, a succession of ventricular 
responses occurring at regular intervals as a prelude to ventricular 
fibrillation. Sometimes a rapid rate of responses is abruptly attained, as 
for example in one experiment in which the rate of shocks was 3000 
per minute ; two initial responses occurred at an interval of 7 shocks,a —_— 
sequence followed of some 22 responses to every sixth shock, and then 
fibrillation occurred. In other cases the responses occur at successively 
shorter intervals and then pass into fibrillation. With rapid faradic 
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shocks ventricular fibrillation may be delayed, but on the other hand it 


may occur within a very short period, ¢.g. less than one second, from 
the moment of application, and under such circumstances the initial 


phase of fibrillation may be the more complicated form, so that the 
-_electrocardiograms are not always easy to decipher, but the essential 


fact is that fibrillation is always preceded by a succession of responses, 
however short. A very rapid succession of shocks would appear to 
favour fibrillation in that it facilitates the adoption of a rapid rate of 
responses, The strength of the faradic current likewise to some extent 


favours fibrillation, and I believe for the same reason, but I have not 


sufficient experimental data to speak with certainty on this point. 
Fig. 3 illustrates the whole sequence from the moment of the 


? application of a rapid faradic current of 1200 shocks per minute. The 


cat was under urethane and ether. The electrodes were applied to 
the left ventricle. The initial electrical deflection is in a downward 
direction. A response of 1 in 3 was quickly assumed = 400 per minute. 

At the mark + the faradic rate increased spontaneously to 1800, | 
the responses 433 per minute and the ventricles fibrillated shortly after. 


Fig. 8. x4. A, shock signals. B, signal indicating the moment of throwing in the 
shocks. ‘The last normal cycle which precedes this moment is shown. ; 


Fibrillation apparently commences at the oe marked x, which cannot 
be identified as a response’. 

(c) Fibrillation occurring in sequence to ventricular 
of intrinsic origin. Ventricular fibrillation may be induced with con- 
siderable precision in an animal which is in a light stage of chloroform 
anssthesia, by the injection of a small dose of adrenalin into a vein. 
Fibrillation under such conditions is never conditioned by a transition — 


The cycles in this roord are somewhat irrogolar inform and their 
therefore be measured with precision. 
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from a normal heart beat, but is always preceded by abnormalities of 
ventricular action of a definite kind’. In this antecedent stage, which 
constitutes the adrenalin reaction, the ventricles exhibit a succession of 
extrasystoles, and these are of multiple types, arising from several 
distinct foci; rarely they arise only from two points alternately active 
(Fig. 4). These extrasystoles may occur in rapid sequence, generally 
attaining a maximum rate of about 300 per minute, never, so far as my 
experience goes, exceeding a rate of 330 per minute. The condition 
of multiple ventricular extrasystoles thus induced very frequently 
terminates in fibrillation. The electrical features of ventricular fibril- 
lation as a result of the injection of adrenalin under chloroform are 
precisely similar to those of fibrillation induced by faradic stimuli, 
in fact.there can be no. doubt we have to deal with precisely the same 


Fig. 4. x%. Adrevalin-chlorof reaction.’ Electrocardiographic and Hirthle eurves. 
The arrows indicate the eorresponding last ventricular extrasystole and last pulse 
wave. 
phenomenon. But the mechanism of the transition into fibrillation is 
obviously a different one (Fig. 4) for in this case (and in all similar 
experiments) the onset of fibrillation is exceedingly abrupt, and the 
distinction between the cycles of the preceding extrasystoles and the ~ 
oscillations of fibrillation is a marked one. The rate of the cycles is 
furthermore abruptly raised from about 300 per minute to 500 or more 
per minute, 
In Fig. 4 alternate beats arise from the right and left ventricles 
respectively at a combined rate of 325 per minute. The abrupt nature 
of the change into fibrillation is further indicated in this figure by the 
sudden cessation of the pulse waves without previous lowering of the _ 
blood-pressure ; the blood-pressure falls suddenly at a point coincident 
with the onset of fibrillation. 


1 Levy and Lewis, loc. cit. 
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Prof. Mines informs me he has in progress further observations upon — 
the origin of circulating rhythms, and possibly these may throw some 
light upon the cause of the fibrillation in this experiment, but it does not 
appear to me that any extant theory affords a satisfactory explanation 
of its onset in this connection. I would especially emphasise the point 
that chloroform does not appear to favour fibrillation directly, at least it 
does not do so in experiments with faradic excitation ; it merely favours 
the onset of the causative extrasystolic tachycardia. 

The experimental production of ventricular extrasystoles from more 
than one point by means of 
faradic shocks throws little 
light on the subject; at most 
such experiments tend to show 
that there is no greatly in- 
creased tendency to pass into 
fibrillation when more than 
one point is excited. Fig. 5 
illustrates a record from such 
an experiment. The two pairs | 
of electrodes were applied to Fig. & 
the right and left ventricles —_B, shock signals, left ventricle. The B shocks 
respectively, which were exci- _—- cccur very nearly, but not absolutely, half-way 
ted alternately. The electro-  e*ween the 4 shocks, 
cardiogram obtained resembles that shown in the adrenalin experiment 
(Fig. 4). The maximum rate obtained was 320 responses per minute ; 
above that rate one or other of the series of stimuli failed to induce 
a response and the following responses were from one side only. In one 
experiment I maintained a rate of 290 to 300 responses per minute 
continuously for several minutes, the heart resuming its normal beat on 
cessation of the shocks. The maximum rate observed is suggestively 
akin to that of the adrenalin tachycardias, but I would not care to 
dwell on this point in default of more refined methods of observation. — 


| SUMMARY. 

It has been shown in the mammalian heart that : 

(1) A loss of ventricular function accompanies a rapid series of 
ventricular responses to induction shocks; this observation is subject 
to the explanation that the ventricles are not uniformly contracted 
at any one moment, and that their walls are traversed by a short 
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and slowly propagated wave of contraction in response to the shocks. 
Total loss of ventricular function is likewise a feature of ventricular 
fibrillation. 

(2) Ina heart under conditions of maximum or. nearly maximum 

- response to induction shocks, automatic cycles appear on cessation of 
the shocks. This is subject to the explanation that the waves of — 
excitation pass on and themselves excite fresh cycles. The automatic a AY 
cycles are in fact a rate effect. : 
_ (3) The automatic cycles resemble in electrocardiographic expres- 0 

sion the preceding responses on the one hand, and the cycles of one 
phase (usually the earlier phase) of ventricular fibrillation on the 
other; it is inferred therefore that they are the expression of a similar 
mechanism, and this inference holds good whether this mechanism 
be that suggested by Mines or some other. 
__ (4) The rate of the initial cycles of ventricular fibrillation approxi- 
mates to that of the preceding responses to induction shocks. This 
again points to a similarity of mechanism. : 

(5) Excitation of the ventricles by the ordinary faradizing current 
induces ventricular fibrillation through the medium of preceding 
ventricular responses. 

(6) The irregular phase of the electrocardiogram of ventricular 
fibrillation requires explanation. It is possible that ventricular fibril- 
lation involves more than a single process. 


(7) Chloroform does not appear to favour the onset of ventricular 
fibrillation as a result of faradization. 
(8) The electrocardiogram of ventricular fibrillation in response to 
a series of multiple ventricular extrasystoles of intrinsic origin (e.g. as 
a result of the chloroform-adrenalin reaction) is identical with that 
resulting from faradization of the ventricles; the sudden transition in 
such a case from one state to the other awaits a satisfactory explana- 
_The general trend of these observations is to support the view 
suggested by Mines that a circulating rhythm underlies the conditions 
known as ventricular fibrillation. I recognise that other views demand 
full consideration, but these I have refrained from discussing as it appears 
to me that a more ready explanation of the particular experiments 
described is forthcoming on the lines suggested oy Mines. 


I am indebted to Dr T. Lewis for kindly placing the working 
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_ The energy exchange in diabetic tissues 


The of on the gaseous metabolism of normal and 


THE RESPIRATORY EXCHANGES OF THE HEART 
IN THE DIABETIC ANIMAL. By EH. STARLING 
anp C. LOVATT EVANS. 


(From the Institute of Physiology University College, London.) 


CONTENTS. 


The respiratory exchanges of the normal dog’s heart . ‘ Ker 
The glucose consumption of the lungs. .. ° 

The reaplttory exchanges of the diabetic heart . 


The alleged presence of toxic bodies in the blood of diabetic animals . 


diabetic hearts 


THE numerous researches on diabetes have shown me the respiratory 
quotient in intact diabetic animals is low compared with that of the 
normal animal, and this has been commonly, though not universally, 


referred to a decrease in carbohydrate consumption. A similar effect 


in isolated tissues was indicated by the experiments of Knowlton and 
Starling@ on the heart-lung preparation perfused with blood, and by 
those of Maclean and Smedley®@ on the similar preparation perfused 


with saline solution. More recently doubts have been thrown on these 


results by the work of Patterson and Starling«), and the question has 


been complicated by the observation of Cruickshank «confirming that 
of van Noorden«, that there is more glycogen in the diabetic than in 


the normal heart, In this paper we give an account of experiments 
on the heart-lung preparation, which we have made with the object of 
deciding some of the debated questions, and we hope to follow them up 
with experiments on other isolated tissues. : 


The respiratory exchanges of the normal dog’s heart. 
It has been previously shown@ that the total exchanges and the 


respiratory quotient of the heart-lung preparation of the normal dog 
are subject to variations due to conditions of the animal prior to the _ 
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TaBLe I. Dog. 


Ww hour, oxygen 

eight for per gram 
heart Duration of metabolism heart . Average 
grams observation Og c.¢. ¢.c. per hour R.Q 
$1°6 1 hr. 20 min. 90 92 2°85 1°02 
68°5 2 brs. 20 min. 164 125 2°25 81 
32-0 40 min. 155 109 4°84 
80°0 1 hr. 40 min 112 124 3°74 1-11 
§1°5 40 min. 2238 201 4°38 “89 | 
§1°5 20 min. 224 227 4°36 1-01 
23-0 2 brs. 40 min. 73° 70 3°17 “96 
28°1 1 hr. 4°82 

; 45°5 1 hr. 173 187 8°8 ‘19 
41 40 min. 85 74 2°1 “87 
47°5 2 hrs. 112 91 24 “81 

475 2hre. 89 77 1°87 87 
20°5 8 hrs. 57 29 97 
162 ‘L hr. 30 min. 54 55 6-84 1°01 
760 2 hrs. 181 118 1 “90 
52°6 2 hrs. 15 min. 219 198 4°16 88 
64°5 40 min. 187 146 2°9 “78 
?87°5 80 min. 165 145 4-4 “88 
2 hrs. 41 86°5 89 
57°5. 1 hr. 188 155 8-26 *82 
33 2 brs. 127 111 8°85 87 
- 50% 2 hrs. 116 107 23 92 
56 5 hrs. 142 115 2°55 ‘81 
41 8 hrs. 96 2°35 94 
67 2 hrs. 178 152 2°58 ‘88 
70 1 hr. 45 min. 122 105 1°74 *86 
1 hr. 20 min. 146 118 9°47 ‘sl 
89°5 1 hr. 46 min. 210 159 2°34 "76 
52 1 hr. 172 4°3 17 
57 30 min. 169 145 2°96 86 
55 20 min. 112 91 2°03 81 
68 3 hrs. 242 198 3°55 “81 
50 20 min. 160 138 8-2 “88 
. 68 1 hr. 187 192 2°75 1-08 
75 3 hrs. 202 83 
63 40 min. 168 146 2°66 Tee | 
89 2 brs. 20 min. 200 166 51 “83 
46 20 min. 184 121 2°9 -90 
64 40 min. 183 2°12 98 
26°5 40 min. 147 135 5°53 92 
40°5 1 hr. 185 112 8°33 "83 
48: 40 min. 162 128 8°34 ‘79 
» 45 40 min. 126 8-1 “91 
60°5 40 min. 228 ~ 167 3°77 _ “73? 
87°0 40 min. 159 118 43 “743 
74 - 80 min. 221 166 2-98 "753 
71 15 min, 215 8-02 "864 
57 15 min. 239 202 4-2 “B44 
| 824 = Mean 
1 Not corrected for lung metabolism. ? Diet of fat for three days. 


* Fasting. 4 Mixed diet. 
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exchanges, provided that the extreme conditions are not approached. 
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experiment, to temporary alterations in the work of the heart, and to 
certain other conditions. Before we can form an opinion as to any 
changes in the diabetic heart as compared with the normal heart, it is 
essential to know the extent of the variations which occur in the normal 
heart ; this applies especially to the respiratory quotient. Table I 


_ gives the results of determinations carried out on 51 normal hearts. 


The conditions of experiment varied somewhat; thus some of the 
animals had fasted for 12 to 16 hours, others had received special diets 
rich in carbohydrate or in fat; in some cases glucose had been added 
to the circulating blood. The mechanical conditions varied less than 
the nutritional ones ; the output of the left ventricle was such as would 
represent the condition of the heart in bodily rest, viz about 200 c.c. 
per minute’ in the case of a heart weighing 50 grams; the temperature 
was 36° to 37°C. in all cases, and the arterial pressure in the neigh- 
bourhood of 100 mm. Hg. 

The method used for the determination of the respiratory exchanges 
was that described in a former communication ©. 

In the experiments of Table I, the oy — ranged from, 
@ minimum of ‘70 to a maximum of 1°11. 

The quotient was : 


Between 0-70 and 0°79 in 10 cases 


The average taint agrees well with this distribution ; it is ‘845. 
In round numbers we may express the average figures found - the 
normal dog’s heart as follows : 


Respiratory quotient = 0°85 
Carbon dioxide per gram heart per hour in c.c. = 37 


Energy utilisation per gram heart per hour under conditions 
of moderate work, in small calories (1 c.c. O0,=4°85 cal.) =15°6 


From these average figures we are able to calculate the approximate 
metabolism of the heart according to the method of Zuntz@. Table II 


| represents the results of such a calculation, in which the oxygen used 


in the oxidation of protein has been assumed to be 15°/, of the total. 
1 Considerable variations of this output are without great effects on the gaseous 
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TaBLe II. Eachanges of normal dog's heart. 


Weight of Vol. of ‘Vol. of CO, 


pa used mg. used ee. 6c, 
Protein 15°0 2°23 0°48 0°47 0-88 “81 
Carbohydrate 42°5 692 1°64 1-36. 1°36 1-00 
Fat 42°5 0°68. 1°87 097 “71 


Total 100°0 15°6 8-2 2°71. 85 


The of carbohydrate by the normal heart 


The calculation made above from the respiratory exchange and 
quotient indicates that the heart muscle utilises about 16 mg. of — 
carbohydrate per gram per hour. The carbohydrate might be in any 
form, but there is no reason to think that it is consumed otherwise than 
in the form of glucose or of glycogen. The participation of carbohydrate 
in the total energy supply as calculated above is greatly in excess 
of that calculated by the same method by Evans@ from some experi- 
ments given in @ previous paper, even though in those cases glucose 
had been added to the circulating blood. The experiments in the paper 
referred to were made with hearts of low initial respiratory quotient, 
due to previous dieting with protein and fat ; they indicated a carbo- 
hydrate metabolism to the extent of only 10 to 11 °/, of the total energy 
supply, previous to the addition of glucose to the blood. After the 
addition of glucose the carbohydrate fraction for the same hearts had a 
mean value of 36°/, of the total energy. It was stated at the time, 
however, that higher quotients can frequently be obtained by carbo- 
hydrate feeding, or by liberal mixed diet, than by the addition of glucose 
to the blood of the heart-lung preparation of fat-fed or fasting animals, 
and the above table and calculations certainly seem to bear this out. 
It seems likely that for high carbohydrate metabolism, feeding with 
carbohydrate is essential, since, whether the initial quotient of the heart 
be low or moderately high, it is not usually raised beyond a certain 
limit by mere addition of glucose. The condition which determines the 
utilisation of carbohydrate beyond this limit seems to be attained only : 
by the protracted presence of carbohydrate, such as might result in 
a storage of glycogen, or in,a removal of much fat from the heart 
muscle. 

In one case an experiment was made in order to ascertain if 
it was immaterial whether the glucose was added to the blood after the 
preparation had been established and isolated from the other organs, 
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or whether it. was previously introduced intravenously into the animal’s 
circulation, the suggestion being ‘that some chemical change was 


undergone in some other organ previous to the local combustive 


changes. The results of the experiment are given below. 


Expr. 1, Dog, heart 89 grams. 10 grams glucose introduced intravenously at 
2.30 p.m. Animal partially bled at 2.50 to 2.55 p.m. Heart-lung preparation completed 
at 8.30. Temperature 86; arterial pressure 100 mm. Output constant at 500 c.c. 
per minute and gaseous metabolism observed for 2 hours. The respiratory quotient 
fluctuated slightly round a mean of ‘81 during that time. 


The results of this experiment indicate that the immediate effects 
of intravenous injection of the sugar are the same as those which follow 


its addition to the blood after the preparation has been isolated. 


A comparison of these figures as calculated from the gaseous 


_ metabolism, and those obtained by the direct observation of the glucose - 


utilisation of the heart, indicates that the former series falls within the 
limits of the latter. But the results of direct estimations obtained by 
different workers. show great variations. The highest figures are those 
of Gayda@ for the rabbit; he found 3:8 to 149 mg. glucose per gram 
heart per hour, which was much in excess of his observed productions 
of carbon dioxide (2°77 to 6:09 .c.c. per gram per hour). For the same 
animal other workers found much smaller usages, ¢g. Locke and 
Rosenheimao 1-2 to 1°7 mg., Mansfelday 1:2 to 25mg. ~ 

In carnivora (dog), Knowlton and Starling found 40 mg., and 
Patterson and Starling) from ‘8 to 3°8 mg., but some of this was used 
by the lungs, and the conclusion of the latter workers was that “in the 


absence of any previous determination of the glycogen of the heart 


muscle it is impossible by analysis of the blood or blood serum at the 
beginning and end of the experiment to find with any accuracy what 
is the total carbohydrate metabolism of the heart.” Cruickshank and 
Patterson Gs attempted to allow for the glycogen factor, and their 
results after due correction for the lungs show an average consumption 
of glucose of about 1°5 mg. per gram per hour for the cat. Neukirch 
and Rona for the catas) found 1°6 mg., while Maclean and Smedley 
for the saline fed dog’s heart found ‘6 to 15mg. Rohde for the 
cat found 1—4 mg.(w. 

These results are in agreement with the calculation made above 
on the results of gaseous metabolism experiments, viz. 164mg. 

A study of the respiratory quotient of the heart should give us 
some indication as to whether the heart uses glucose direct from the 
blood, or whether it uses glycogen derived from the glucose. That 
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glucose is used directly or indirectly is indicated not merely by the 
fact that it disappears from the blood, but also by the fact that the 
respiratory quotient remains constant for three or four hours, and 
probably for longer, although its glycogen store is only capable of 
serving it for about three hours. Even where the total metabolism is 
increased by administration of adrenalin, it was found by Evans and 
Ogawaas) that after three hours the respiratory quotient had not 
fallen, although it was clear from the experiments of Cruickshank 
that the glycogen would be much diminished at the end of this time. 
Cruickshank and Patterson, and Maclean and Smedley find that 
the glucose usage remains fairly constant from hour to hour; this 
indicates that glucose and not glycogen is used from the first since the 
R.Q. is unaltered, or else that the glycogen content is kept constant 
by continual replacement. But the replacement of glycogen would in 
all probability be too slow to keep pace with the rate of disappearance, 
and it seems more likely that the glycogen does, as generally believed, _ 
represent a store of carbohydrate material which is only used in time of 

need. Even then the glycogen does not contribute much if sufficient 
sugar is available, as is seen clearly from the following calculation made 
from one of the experiments of Patterson and Starling, in which 
adrenalin was continually added to the circulating blood. The figures 
given below show the amounts of glucose and of glycogen used per 
100 grams of muscle per hour, and the percentage of the total carbo- 
hydrate derived from glycogen, assuming that the heart at the 
commencement of the experiment contained °5°/, of that substance. 


— Ill. [From Table IV of Patterson and errne 


No. of exp. in paper 5 1 2 “ae 

Mg. carbohydrate derived from blood, = 

per 100 gram heart per hr. 800 410 © 262 80 
Mg. glycogen used per 100 gram heart 

per hr. 92 70° 220 125 
*/o of carbohydrate drawn from gly- 

cogen 10°1 14°6 45°7 80°65 
Original °/, of sugar in blood 0°7 0°64 0°51 0°28 


The experiments of Rohde are also in agreement with the view 
that the glycogen represents a store of carbohydrate to be called upon 
in time of need, although according to Camis ae the heart in carnivora 


draws its carbohydrate from its own glycogen rather than from the circu- 
_ lating glucose. 
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lung preparation, the removal of glucose by the lung must be taken into 
account, This was done by Patterson and Starling, who found that 
_ about 13 mg. of glucose per gram of heart was withdrawn by the lungs. 


quantity of sugar at the disposal of the heart. For the oxidation of 


lung tissue accompanying each gram of heart would utilise in an hour 


quotient was ‘83. The distribution of the quotients was as follows: 
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The glucose consumption of the lungs. 
In experiments on the consumption of glucose by the-isolated heart- 


The figure is almost as large as that of the heart and lungs together i in 
some cases, and as they point out leaves a very small, or indeed a minus | 


1°3 mg. glucose 1 ¢.c, of oxygen is necessary. The respiratory exchanges 
of the isolated dog’s lung was found by Evans and Starlingan to be 
about 1 cc. per gram of heart corresponding to it per hour, so that it 
might be assumed that there was an agreement between these results. 
But such would not be the case unless we assumed that the metabolism 
was an exclusively carbohydrate one, which is hardly likely to be the 
case. If the metabolism of the lungs is similar to that of the heart as 
regards the relative amounts of the different substances oxidised, the 


only about °5 mg. of glucose. The remainder, ‘8 mg., would be lost to 
the circulation in other ways, such as by physical absorption by the lung 
tissue or by the erythrocytes, or conceivably by _— =< into 
some non-reducing substance. 


The respiratory exchanges of the diabetic heart. 

The respiratory exchanges of the hearts of 17 diabetic dogs were 
investigated (Table IV). The diabetes was in every case produced by 
complete extirpation of the pancreas from one to five days previously and 
the technique followed for the remainder of the experiment was the same 
as that used in the case of the hearts of normal dogs. The glycosuria 
was confirmed in every case, and in some cases hyperglyceemia was also 
demonstrated. In some of the experiments glucose was also added to 
the blood, as indicated in the table. A survey of Table IV shows that 
the respiratory quotient of these diabetic hearts is much lower than that 
of the normal hearts. In one case it was as low as ‘47, while the highest 


Below °5 in 1 case. 

Between °5 and 

Between °6 and °69 in 2 cases. 
Between *7 and °79 in 12 cases. 
Over ‘8 in 1 case. 
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The following mean figures, calculated the may be taken 


_ 98 Tepresentative for the diabetic heart : 


Respiratory quotient = 0-708. 
Oxygen per gram per hr. =3-08 

Carbon dioxide per gram per hr. = 2°18 0.c. 
The low respiratory quotient of the diabetic heart indicates that the 
consumption of carbohydrate is much less than that of the normal 
heart, or else that the metabolism of some other constituent is greatly 
deranged. These two alternatives must now be briefly discussed. 

Decreased sugar usage. The experiments of Knowlton and 

Starling, Maclean and Smedley, and Cruickshank and Patterson 
all indicate a reduced power on the part of the tissues to utilise 
carbohydrate. But McLeod and Pearceus) and Patterson and 
Starling find that the reduction of sugar utilisation is only small in 
some cases, and Patterson and Starling suggest that even where 
there is an apparent reduction of the utilisation, it is really due to the 
fact that glycogen is being used up and not replaced; the large amount 


of glycogen present in the heart would add weight to this view, though 


it is not easy to see why glycogen is replaced by the normal heart and 


_ not by the diabetic, where the concentration of glucose in the blood is 


higher. An alternative explanation would be that the diabetic heart 
has retained its power of storing glycogen, and, as found by Cruickshank, 


of converting this again into glucose, but that its power of oxidising 
either the glycogen or the glucose is impaired. 


But even if we grant that the isolated diabetic heart can break down 


ite glycogen irreversibly into glucose, which it then oxidises, and which — 


it does not replace, while the diabetic heart i situ either does not 
break down its glycogen, or else replaces it as fast as it does so, we are 
still faced with the fact that the respiratory quotient of the heart is so 
low that the utilisation of sugar by the diabetic heart must be very 
small indeed. There is of course the alternative possibility that the 
tissue may still be able to carry out the oxidation of the glucose to a 
certain stage, but that the complete oxidation is no longer possible, but 


this hypothesis cannot be accepted since we have no evidence of the 


existence in the circulating blood, or of the excretion in the urine, of 
such partial products of the oxidation of carbohydrate; moreover, most of 
the carbohydrate, or all of it, can be recovered unchanged from the urine, 
after due allowance has been made for glucose derived from protein. 
The conclusion of Patterson and Starling that there is often only _ 
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a diminution in the power to oxidise carbohydrates, and not total loss of 
this power, is supported by the observation of Stiles and Luska» and 
of Moorhouse (unpublished), the former for phloridzinised animals, 
the latter for depancreatised animals, that a rise of respiratory quotient 
may be obtained for a short time if a diabetic animal is suddenly 
flooded with sugar, as by the administration of glucose solutions in ’ 
large amount. The rise studied by Moorhouse was, however, quite ‘ 
a small and transitory one, and frequently did not appear. It might 
Br be ascribed to the results of a mass effect of the sugar accelerating 
for a time the tardy oxidation of carbohydrate. 
The effect of adrenalin on the diabetic heart. The work of Patterson 
and Starling is largely based on the fact that when the work of the 
heart is augmented by the administration of adrenalin, not only does 
much sugar disappear from the circulating blood, but that. its glycogen 
also almost disappears. If the carbohydrate which thus disappears from 
the system is fully oxidised, there should be a distinct and sustained 
rise in the respiratory quotient as long as the administration of adrenalin 
is continued, or until all the carbohydrate is exhausted. Some experi- 
ments were therefore made in which the respiratory quotient of a 
diabetic heart was determined, and then adrenalin was added to the 
circulating blood in small amounts at a time in order to maintain a 
definite acceleration in the rate of the heart, and the respiratory 
quotient during the addition was studied. The experiments of Evans 
and Ogawas on the effect of adrenalin on the gaseous metabolism 
of the normal heart have shown that the increase of carbohydrate — 
- consumption under these conditions is only part of the general increase 
in catabolism, the respiratory quotient remaining unaltered. Those 
experiments also indicated that in order to judge of the action exercised 
‘by the adrenalin on the tissue metabolism, it was necessary to observe 
the respiratory exchanges of the heart over a considerable time during 
which adrenalin was being added, and to take the mean respiratory 
quotient for the whole period during which the adrenalin had been 
acting. By proceeding in this manner we eliminate the variations in 
the quotient which are incidental to the action of the drug, and the 
causes. of which have been previously discussed. If, however, only a 
single dose of adrenalin were given, and the R.Q. determined, either a 
rise or a fall could be obtained according to the time relations of the 
administration and the determination. 
The following experiments show -~ effect of the adrenalin on the 
diabetic heart. 
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Exp. 2. Sed; Pancreas extirpated three days previously. Glycosuria confirmed. 


Arterial pressure kept constant at 100 mm. Temp. of blood entering heart 86°. 


Period heart Output Per hour 

min. permin. permin. cc.0, cc. CO, R.Q Remarks 

20 188 300 OO’: 

80 184 298 205 148 

80 195 985 182 182 = ‘707 

20 220—240 200 3842 £4214 "62 Adrenalin administration commenced at 
20 220-240 278 . 587 +291 ‘54 middle of first period and was continued 
20 217-220 255 510 816 # Mean throughout, about 14 to 2 of the 
20 200—220 227 682 3896 ‘68/ =-607 1: 10,000 solution being added to the 
20 220 230 689 # +411 circulating blood during each period in 
20 215 240 4621 8385 8 8=6‘54 order to keep the pulse rate up to about 220 


Sample of blood at commencement contained 0°3°/, of glucose in serum 
” end ” ” ” 
Heart at end of. experiment 018%, 


the heart by Dr Cruickshank.) | 


The results of the respiratory experiment show that the gaseous 
metabolism of the heart is increased from 2} to 3 times as a result of 
the addition of adrenalin, and that during the 3 hours 20 minutes of the 
experiment the blood sugar diminished by ‘2°/, and the heart glycogen 
fell to the low value of ‘13°/,. If we assume that the glycogen in 
the heart at the commencement was 1°/,, the total disappearance of 
carbohydrate from the system would be not less than 10 gram, or about 
63 mg. per gram heart per hour, as an average for the whole experiment. 
Allowing for the different intensities of the metabolism as a whole 
before and after adrenalin, we could allocate 200 mg. of glucose as 
utilised during the period before adrenalin and 800 mg. used in the 
two hours after adrenalin administration was commenced. This amount 
of sugar would require 600 c.c. of oxygen approximately for its oxidation, 
ie. an increase of 300 cc. per hour, and a like increase in the 
CO, formed, and if the increased metabolism affected carbohydrates 
only, the oxygen used per hour by the heart should be about 500 cc. 


and the CO, about 435 c.c., the respiratory quotient being raised wameby 


te 85. 
The actual results show a great deficiency in ‘the carbon dioxide, 


i and a lowering of the R.Q. from which we are led to the conclusion that 


there is some considerable discrepancy between the observed dis- 
appearance of sugar and the accomplished combustion of it. 
The following — were made in a similar manner. 
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Exe. 3. Dog, heart 49 grams. Pancreas extirpated four days previously. Diabetes 


confirmed. Blood from two other diabetic dogs added to circulation in order to obtain — 


sufficient volume. Arterial pressure 92mm.Hg. Temp. 37°C. — 


Rate of of preparation” | 
min. per CO, ke _ Remarks 
90 118—127 265—280 167 187 ‘82 | No adrenalin 
30 170 800 250 174 # °695 Adrenalin added to keep 
20° 170 228 Mian rate to 170 per min. 
20 170 217 269 229 (about of 1-: 10,000 
20 170 200 265 218 #481 solution each 15 min.) 

*/, glycogen in heart at end of experiment “06 


Exe. 4. Dog, heart 61 grams. Art, pres 
100mm. Temp. 36°. 


Period 
min. Bree cur ec.CO, RB.Q Remarks 
30=—s«108 165 122 "74 No 
16 — 528 3888 = added in small quantities during 
the 45 min. 


Exp. 5. Dog, heart 41 grams. Pancreas extirpated three days previously. Blood 
from two other diabetic dogs added. Also 1 gram of glucose in 10 c.c. saline added at 
‘commencement of experiment to ensure adequate carbohydrate supply. Art. press. 
100mm. Temp. 36°. 


exchange 
Rate Output preparation 
2 162 223 185 adrenalin 
20188 223 s«186 185 
20 160 207 196 
20 218 291 Adrenalin 1°9 0.0. 1: 10,000 
20-200 216 855 498 76 
20 200 240. 560 447 


The results of all these experiments point in the same direction, and 
the results of the addition of adrenalin to the blood of the diabetic 
preparation do not seem to differ in any way from those obtained with 
the normal heart. There is no indication of a marked rise in’ the 
quotient such as we should expect if there had been any relative 
increase in the amount of glucose or glycogen usage. The mean 


quotients for the adrenalin periods indeed show a slight fall in most 
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cases, which is explainable in fhe same manner as that seen in the case 
of the normal heart studied by Evans and Ogawa; since the 
administration of adrenalin was continued to the end of the experiment, 


- the compensatory rise had not appeared. But if we also compare the 
_ Maximum quotient reached during the action of adrenalin with that 


before the addition, there is still no evidence of any distinct rise, such 
fluctuations as are seen being attributable to the difficulty of exactly 
adjusting the additions of the adrenalin. 

_ We may say therefore that adrenalin alters the metabolism of the 
diabetic, as of the normal heart, quantitatively but not qualitatively, 
and that there is good reason to think that the low respiratory quotients 
of the diabetic tissue, as of the entire diabetic animal, are due in the — 
main to diminished combustion of carbohydrate. : 
Qualitative alterations in the tissue metabolism. The majority of 
the experiments yielded a respiratory quotient which was compatible 
with a metabolism of protein and fat only. Thus a metabolism of 85 to 


90°, of fat, the remainder being protein, would yield a quotient of about 


‘72, if we assume that the protein is completely consumed, and some- 


what lower if we assume that the glucose formed from the protein is not 


utilised (from -613 to ‘706 according to Magnus Levy). | 
In two of the cases investigated, however, the R.Q. was lower than 


_ this, and if these observations are to be accepted as reliable ones they 


are of importance, since they point to some profound disturbances of | 


metabolism. Thus the formation of sugar from fat, which according to 


Pembrey @) would have a quotient of ‘28, even if occurring only to 
a moderate extent, would greatly lower the quotient. Similarly, the 
formation of 8-oxybutyric acid from fatty acid (R.Q. ‘53) would assist 
materially in lowering the quotient. Quotients below “7 have only 
rarely been obtained during long periods from the normal heart, and 
there does not seem to be any reason to doubt the accuracy of the 
results of the two experiments on diabetic hearts which gave quotients 
as low as “49 and ‘55 respectively. There were no great fluctuations in 


_ the quotients from period to period, during 2 or 3 hours, as may be 


seen from the following details of the experiments. 


Exp. 6. Dog, heart 73 grams. Yao Saye before Arterial 


ist hour 845 
2nd hour 809 152 "60 
| 190 49 Mean=*49 
Next half hour period 349 175 “50, 3 
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Exp. 7. Dog depancreatised three days previously. 
volume of saline solution. Temp. 36° C. 


our bear R.Q 
Ist half hour ~ 86 
2nd half hour 238 128 
4th half hour 211 117 56 


Had the low quotients been due to experimental error, such as 
might be occasioned by a leak in the lungs, this constancy in the 


respiratory exchange would not be met with, since a leak tends to 


alter during the course of the experiment. These experiments are of 


interest in view of the opinion of Magnus Levy’ that the quotients 


below ‘6 obtained by French workers “must be regarded as — 
and due to error of some sort or other.” 


The energy exchange in diabetic tissues. 


_ If the calorie value of unit volume of oxygen be the same for the 
altered metabolism of the diabetic as-for the normal tissue, then we 
can calculate the total energy exchange of the diabetic tissue, or of 
the entire diabetic animal, from the results of gaseous metabolism 
experiments, 

It has been held by some investigators that in the case of the entire 
organism, the oxygen requirements are the same for the diabetic as for 
the normal animal, and if this is so it is highly probable that the energy 
exchanges are likewise equal in the two cases. 

Our average results indicate a utilisation by the diabetic heart of 
about 14°4 small calories per gram per hour, the calorie value of oxygen 
being taken as somewhat less than that which obtained in the normal 
organ, namely 468 instead of 485, in accordance with the altered 
respiratory quotient. The energy of the normal heart was on an 


average about 15°6 cal. so that the two can be regarded as practically 


the same. We may conclude, therefore, that what has been held to 
apply to the dog as a whole, using about 4°5 cal. per gram per hour, 
applies to the heart which uses energy at more than three times the 
rate, and that the energy requirements of neither the whole nor of 
the part are greatly altered by the diabetic condition. As regards the 


heart under the conditions of our experiments, it should perhaps be 


mentioned that it does not regulate its own temperature as the intact 


Magnus Levy in van Noorden’s Metabolism and Practical p. 202. 
1907. But see also m., p. 554. 
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animal does, but has its temperature fixed by the conditions of the 
experiment. 
Alterations in the gaseous metabolism after extirpation 
of the pancreas. | 

It is known that sugar appears in the urine within a very short time 
after extirpation of the pancreas, and it has been shown by Verzér a 
that the respiratory qhotient begins to fall within a few hours after the 
depancreatisation has been performed. In our aseptic extirpations the. 
animals attain in a few hours a condition which remains almost un- 
changed, except for the progressive emaciation, until they are used for 
the experiments, and it is of some interest to find whether the respiratory 
quotient of the heart indicates that the tissues of which it is chosen as 


 & type, are also in a stationary condition during the several days which 


usually intervene between the operation and the final experiment, or 
whether there is a progressive change in the quotient signifying a steady 
decrease of normal metabolism and increase of oxidations or other 
changes of an abnormal type. | 
The following table gives the results of Table II arranged according 
to the time which elapsed between the operation and the respiratory 
experiment. It will be seen that there is no regularity about the 
quotients to suggest any fundamental alteration in the conditions of the 


- tissue metabolism during the first to the fifth days after operation. 


There is at all events no indication of progressive impairment, but 
rather the reverse. 


‘TABLE V. Respwratory quotients of hearts after depancreatisation. 


49-79 
5 
4 2 *76—°83 
5 2 740 *72—°76 
The alleged presence of towic bodies in the blood of 
diabetic animals, 


‘An ingenious theory of auto-intoxication as the cause of pancreatic 
diabetes was put forward by Tuckett@m, and some experiments of 
Lépine and Boulud a» made some years later seemed to support it. The 
basis of this theory is that the pancreas supplies to normal blood an 
internal secretion which neutralises a toxic body absorbed from the 
alimentary canal. Normal blood was believed to contain considerable 
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amounts of this antitoxin, and pancreatic diabetes was primarily due to 
its failure and thus to the unopposed action of the toxin. 

The importance of applying experimental methods to the examina- 
tion of such a theory is obvious, and some few experiments were made 
_ with this purpose. If the toxic theory is a correct explanation, then it - 
should be possible 

(1) To induce the diabetic condition, with a low quotient in a 
normal heart, by supplying it with diabetic blood instead of with 
normal bl 

(2) To tiny out the converse experiment, of restoring the didbetio 
heart to the normal condition with normal blood. 

(3) To diminish or remove the diabetic condition by dilution of the — 
diabetic blood with salt solution, in order to attenuate the toxin. 


(1) Normal heart treated with diabetic blood. 


-Exr. 8. Normal dog’s heart, 26°56 grams. After establishment of the heart-lung 
circulation with the dog’s own blood, half-an-hour elapsed in order to reach a steady 
condition. The respiratory exchange was then determined, after which the normal 
blood was run out of the apparatus and replaced by diabetic blood. The circulating 
blood now contained only about one-fifth of its volume of normal blood. After a further 
interval of 20 minutes periods 2 and 8 were then taken. Blood-pressure 100 mm. 
Temp. 86° 0. 

Gaseous 
Period Pulse Output c.c. per hour 
(1) 20 19 "950 177 163-5 “922 Normal 
(2) 20 187 263 170 157°5 925 Diabetic 
(3) 20 179 171 146 142°5 “975 Diabetic 


The result of this experiment was to slightly raise the respiratory 
quotient, perhaps as a result of the addition of the hyperglycemic 
diabetic blood. It might of course be urged against this experiment 
that it was not of sufficient duration—the diabetic blood only circulated 
for an hour altogether. 


(2) Diabetic heart with normat blood. 


Exp. 9. Diabetic dog, heart 48 grams. 
Diabetes confirmed; the blood was also intensely lipemic. After ranning for 30 min. 
to tha ‘Wea chearved an and Ball. 
Then the diabetic blood was run away and replaced by an equal amount of normal blood 
from a freshly killed dog, the blood was hirudinised and glucose added to make the 
sugar content to 0°5%,. After a further interval of an hour, to ensure equilibrium, the 
respiratory exchanges were measured for a further hour. 


Duration Mean 


~ 


90 117 867 “158. 78 Diabetic 
80 114 144 ‘19 Normal 
30 118 — 204 151 “76. Normal 


‘ 
> 
: 
ay 
va 
a 
fe 
= 
‘og 
ag 
: 


HEART IN DIABETES. 83 
ee The addition of normal blood was without appreciable effect after 
_ two hours, so that any question of a neutralisation of a toxin seems to 


e be out of the question. The same would apply to the presence of any 
specific hormone in the blood, and it may be recalled in connection 
+) with this that Hédon @ has recently obtained some evidence to 
ae indicate that the hormone is present in appreciable amount only in the 


_ blood of the pancreatic vein, and not in arterial blood. 
The following experiment is similar. , 
Exp, 10. Dog operated five days previously, Heart 58 grams. Circulation first with 
diabetic blood, to which first glucose, and then normal blood and glucose were added. 
Temp. 86°6°O. Art. press. 80mm. One lung tied off. There was 25 min. interval 


‘ between the addition of the normal blood and the: determination of the respiratory 

Gaseous exchange 

4 80 128 176 190 151 19 

7 80 118 133 ‘78 Normal blood +0°5 gram glucose 

f _ In this experiment, the addition of sugar to the diabetic blood does 

‘ not result in a rise of respiratory quotient, and the addition of hyper- 

i glycemic normal blood is also without any effect. . 

q ~ (In Exp. 15 and also in other cases, the addition of glucose to the | 

q blood has always been without effect on the respiratory quotient of the 
diabetic heart.) 

a (3) Diabetic heart treated with diluted blood. 


Exp. 11. Pancreas of dog extirpated four days previously. Heart-lung circulation 
established with diabetic blood. At the end of the first period of the respiratory 
experiment, 200 c.c. of 0°9/, NaCl solution at 36°C. was added to the circulating blood 
(200 ¢.¢.), without disconnecting the lungs from the respiration apparatus. Arterial 
pressure 60mm. Temp. 36° C, 


Gaseous 
30 210 187 142 ‘16 Diabetic blood 


Equal volume of saline 


Mean solution added 


Apart from a transitory disturbance of the quotient, there was no 
appreciable effect on adding the salt solution to the circulating blood. 

These experiments, admittedly somewhat scanty, do not lend 
support to the toxic theory, and were not pursued further. 
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; The effect of pancreas extracts on the gaseous metabolism 

of the diabetic heart. 

Knowlton and Starling, and Maclean and Smedley found that 
the administration of pancreas extract caused a notable increase in 
the (much depressed) carbohydrate utilisation, which approached the 
normal level again. Patterson and Starling were inclined, however, 
to attribute the increase of sugar consumption to the fact that the 
_ extract has an accelerating effect on the heart, and thus, like adrenalin, 
quickens all its metabolic activities, As Patterson and Starling did 
not specially investigate this point, we give the results of some experi- 
ments in which the effect of the pancreatic extract on the gaseous 
exchanges of normal and diabetic hearts ‘was tried. 

The extracts for these experiments were all made in the same way ; 
a piece of fresh pancreas, about five to ten grams in weight, was crushed 
with sand and some ‘2°/, HCl in a mortar, more ‘2°/, acid was added 
and the whole, now about 30 .c., boiled, nearly neutralised and filtered. 

Before making the addition of the extract thus prepared one or 
more periods were made with the heart in order to determine the 
respiratory quotient of the preparation. The pancreas extract was then 
added in one or more doses to the circulating blood of the preparation, 
and the respiratory quotient during subsequent periods 1 was determined 
in like manner. 

Experiments were first of all made with normal hearts in order 
to ascertain the effects of the quickening of the rate of heart beat 
brought about by the addition of pancreas extract, or of the extract 
togéther with adrenalin, in small amounts. 


Exp. 12, Dog, heart 88 grams. Temp. 87°C. Arterial pressure 80 mm. 


Pulse Output of preparation 
Period cc. per hour 
min. permin. per min. Og c.c. CO, R.Q 
60 162 162 189 Mean 
1 added 
800 162 212 175 “83 10 c.0, ‘ ne’ solu- 
et tion at commencement 
Exp. 18. Dog, heart 50°5 grams. Arterial pressure 80 mm. Hg. (at higher pressures 
beats were dropped). 
Gaseous exchange 
min. per min. per min. Og c.c, CO, R.Q. 
171 “92 1 gram, glucose added — 
60 158 . 154 177 “94 1 ec. 


commencement of etiod 
and 6 c.c. 80 min. after 
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to the acceleration, the extract has very little effect. 


‘there has been a rise in the mean quotient of more than 05 can we 


HEART IN DIABETES. 
14. Dog, beast grams One lung tied off. Arterial pressure 55 mm. 
Temp. 36°5° ©, 
Pulse Output of preparation 
Period 
60 154 
60 154 187 211 187 *89 1 gram. glucose added 
30 285 222 ‘77) Mean 5 ¢.c. pancreas extract 
30 194 200 257 242 ail cass 
80 200 211 857 298 “84 0°5 c.c, 1: 10,000 adrenalin 
45 165 170 241 208 "865 2 ¢.¢. pancreas extract 


Tn then three experiments the effect of the extract on the respira- 
ioe quotient was only slight; on the whole, so far as there was any 
effect, it was a fall. In the fourth period of Exp. 14, there was a transi- 
tory rise, but this is to be explained as resembling the adrenalin effect, 
since it follows a short fall of quotient ; the mean of the two quotients, 
as in the cases where adrenalin is administered to normal hearts, shows 
a fall: On the normal heart therefore, apart from the disturbances due 


The experiments on the diabetic hearts were made in the same way. 
On the diabetic heart, the effect of the extract in causing an acceleration 
of the pulse rate is seen as in the normal organ, and it causes similar 
disturbances in the quotient. In order to judge of the effects it is 
therefore necessary to take the mean of periods extending over at least 
an hour from the first addition of the extract, and to ignore any transi- 
tory rises of the quotient for the reason already stated. Only when 


consider the effect to indicate an increased sugar usage. The following 
are some examples of these experiments. 


lee 15. Dog. Pancreas removed two days previously. Heart 60-5 grams. Temp. 


865° 0. Arterial pressure 54 mm. Hg. One lung off. ‘10 ¢.¢. 10%, glucose solution — 
added at commencement of experiment. 
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86 H. STARLING AND 0. LOVATT EVANS. 
Exp. 16. Dog operated two days previously. Heart 65 grams. —e Arterial 


pressure 100 mm. Hg. Temp. 36°C. “ 
Gaseous 

oer per min. ee. RQ 

20 100 180 216 162 7 | 
40 120—188 207. 234 172 °78 4.0, extract 
40 144—150 180 226 204 90 Mean 2 ¢.c, extract 
40 114—109 125 244 208 85 — +89 

40 120—184 115 251 200 80 5 c.c. extract 
40 187—128 100 238 198 83 4c.c. extract 


tion until 24 hours before experiment, when the last dose of 50 grams was given. Heart 
66 grams. Arterial pressure 100mm. Hg. Temp. 36°C. ee 


Pulse 
40 96 209 148 “71 
40... 97 234 239 148 *62 7 6.0. extract 
£0 100 235 216 159 ‘74 |Mean 40.0. extract 
40 98 229 178 
60 96 180 225 165 "735 5 c.c. extract 
Exp. 18, Dog operated five days previously. 08 gram gincose added to circulating 
blood of preparation before experiment. 85°8° 
Arterial pressure 100. 
per min. per min. c.c. CO, RQ 
60 108 183 162 116 “715 
60 169 188 («195 188 ‘71 Mean extenct 
60 96. 168 128 
In 


Exps. 15 and 16 there was a distinct rise in the respiratory 
quotient, of "13 and ‘07 respectively, and this increased quotient repre. 
sented the mean of experiments lasting in the first case 24 hours and 
in the second case 3} hours after the addition of the pancreatic extract, 
so that it was in both cases a well-sustained rise. But in the other two 
experiments there was practically no effect, and negative results were 
also obtained in a number of other experiments which were of short 
duration, and which are not given here. In Exp. 17 there was- prac- 
tically no cardiac acceleration, and this may mean that the extract was 
to be considered as inactive; this was not the case with Exp. 18 
however, yet the change in the respiratory quotient was negligible. __ 
These experiments on the addition of pancreatic extracts cannot be 


‘considered to lend much support to the view that they contain a specific — 


hormone, though two of them might be interpreted in this way. But 
when taken in conjunction with the fact that by direct chemical estima- 
tion of sugar usage, the glucose consumption of the heart is increased, 
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the addition of adrenalin. These results indicate a depression or 


_ the diabetic tissue is the same as that of the normal one. 


HEART IN DIABETES. 87 
they indicate that some further experiments in this direction are 
desirable, with possibly a different method of preparing the pancreatic 
extracts. 

ConoLusions. 


1, The average respiratory quotient for the normal dog’s heart is 
‘85, and the heart uses on the average 3:2 c.c. of oxygen per gram per 
hour when doing moderate work. 

2. From the respiratory exchanges it is calculated that the heart 
uses about 1°6 mg. of carbohydrate per gram per hour, when the animal 
is fed on a mixed diet. This amount is in agreement with that 
found by direct chemical methods. 

3. The lung tissue per gram of heart in similar manner uses not 
more than mg. of sugar per hour, as calculated from the gaseous 
exchanges. 
_ 4, The respiratory quotient of the diabetic heart in pancreatic 
diabetes has an average value of ‘71. The quotient is not raised 
by the addition of glucose, nor by the acceleration brought about by 


abolition of the power of the diabetic tissue to utilise carbohydrate, 
but there is also some indication that there are other profound modi- 
fications of tissue metabolism which may mask a moderate carbohydrate 
consumption. 

5. The diabetic state is fully developed the day after the opera- 
tion for removal of the pancreas, and the condition is thereafter 
constant for several days, or probably until just before death. 

6. The average oxygen usage of the diabetic heart is 31 cc. per 
gram per hour, from which it is inferred that the energy requirement of 


7. The normal heart does not alter its metabolism when fed with 
diabetic blood, apart from the effect of the added sugar. The diabetic 
heart is also unchanged when fed with normal blood. 

8. Extracts of pancreas prepared by boiling with dilute acid have 
an effect on the normal heart which resembles that of adrenalin. There 
is acceleration, with the same type of disturbance of the quotient, but 
the mean quotient is unaltered. On the diabetic heart the effects are 
on the whole similar, though in two cases definite and prolonged rises — 
of quotient have been obtained. | 


(Phe expenses of this reach wer in prt defrayed by «grant from the Government 
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, carbon —" This is apparently not so evident in the odin titra- 


THE~ ESTIMATION OF NON-PROTEIN NITROGEN 
AND UREA NITROGEN IN BLOOD. Br CHARLES 
G. L. WOLF. | 


(From the Institute for the Study p Animal Nutrition, School 
of Agriculture, Cambridge.) 


THE estimation of non-protein and urea nitrogen has been worked 
out with great accuracy and refinement by Folin’. The methods 


which this worker employs suffer from two disadvantages. The first is 
the employment of a colorimeter, which, while fairly accessible in most 
modern laboratories is not available to many, like the present writer, 


_ whose colour sensitiveness to yellow-red is not high. Secondly, the 
use of an air current, which has been used by me with complete success 


for nearly ten years where larger amounts of nitrogen are involved, 
seems to be uncertain where the amounts of nitrogen of the order of 0°1 


milligram are dealt with. This latter difficulty has been encountered 
by Sahlstedt*, who found the results of bis micro-Kjeldahls more 


variable -when the ammonia was driven over with air than when a 


- distillation was made. 


Bang* has also adhered to the distillation method for the deter- 
mination of rest nitrogen in blood, and has used the iodometric acid 
titration originally employed by Kjeldahl himself. This method is 
so simple and precise, and the colour change is so sharp that it lends 


itself admirably to the determination of exceedingly small quantities 


of nitrogen. 
The apparatus of Sahlstedt and Bene, as well as that of Pilch 
for the distillation of ammonia, are complicated and expensive. That 


which I am about to describe may be made from the materials at hand 


in any laboratory, and does not suffer in accuracy thereby. 
_ The difficulty in all acid titrations is the influence of atmospheric 


1 Journ. Biol. Chem. x1. p. 527.1912. 
2 Skand. Arch. Physiol. xxx1. p. 867. 1914, 
Biochem. Zeitechr. p. 19. 1913." 


at 

; 
} 
f 

2 

Dic 

i 

£ 
x 
3 
| 
ad 
Ox 
3 
ag 
| | 
a 
{ 
a 
be 
a 
Ke 
ia 
= 


90 | 0. G. L. WOLF. 


tion, but it is quite sufficient to diminish its accuracy where such small 
differences as are at present involved are sought for. I have found 
that the titration is much more accurate, and the end-point sharper, 
when it is conducted in a current of carbon dioxide and ammonia free 
air, Stirring by hand is avoided, and the attention of the observer is 
entirely directed to watching the change in colour of a solution through 
which bubbles of air are passing. The indicator methyl red may be — 


Fig. 1. 


used instead of the iodometric acid titration. I find the change rather 
more difficult to follow than that of iodide of starch. _ 

-. The distillation apparatus which is used is shown in the figure. It 
is drawn to scale. It consists of a round bottomed Jena glass flask 
holding about 70 cc. The head is made of glass. One-third of the 
way up a silver disc is,sealed in which is perforated with round holes 
15 mm, in diameter. The silver disc used was a three-penny piece. 
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‘The condenser consists of a length of block tin tubing with an. internal — 


alkali. It is for this reason that small necked flasks are used instead 


alcohol be used, the filtrate after standing is quite white, and no zinc 


7°, SO,, 1 gram of potassium sulphate, and a drop of a 5 °/, solution of 


NITROGEN IN BLOOD. 


diameter of of an inch. It is jacketed in the usual way. As will 
be seen in the figure, the tubing is bent so that the opening on the 
flask side points downwards and connects with the glass distillation 
head. The connection is made with a piece of stout rubber tubing. — 
The glass and tin are in apposition. The advantage of this arrange- 
ment is that steam does not come in contact with glass on the condenser 
side of the apparatus.: Until the steam is condensed, it is always in 
contact with metal. The free end of the condenser is joined to a glass 
tube of the same width which is drawn out and which just dips beneath 
the surface of the acid. | 

The receivers are long narrow white glass bottles. I use converted 
Nessler tubes but the ordinary white glass phial holding 60 c.c. is quite 
suitable. It is essential to have the rubber surfaces which are exposed to 
the action of the steam as small as possible. The rubber, both red and 
black, seems to contain compounds which give off small amounts of 
ammonia. This is not entirely obviated by preliminary boiling with 


of test-tubes for the distillation. 

The process for the analysis of blood is carried out in the following 
way: the blood is received from the artery or vein in glass tubes of 
about 4 mm. internal diameter. The tubes are provided with two 
marks indicating a content of 5 c.c. between the marks. The tubes are 
moistened beforehand with a 10°/, solution of neutral potassium 
oxalate. The blood is at once run out between the marks into 45 cc. 
of absolute ethyl alcohol and the mixture shaken thoroughly. If ethyl 


chloride is necessary for clearing’. | 

Total nitrogen. Five c.c, of the filtered alcoholic solution are placed 
in a 70 cc. Jena flask, a drop of sulphuric acid added and the flask 
heated in a heaker containing hot water until the alcohol is driven off. 
The ethyl alcohol solution has no tendency to foam, and the evaporation 
proceeds without difficulty. One c.c. of fuming sulphuric acid, containing 


copper sulphate are added, and the mixture heated over a micro burner 
for 30 minutes to one hour. Two cc. of water are added, and when 
cold, four c.c. of 40°/, sodium hydroxide are run down the side of 
the flask with a pipette so that the acid is underlaid by the alkali. 
Five oc. of N/140 sulphuric acid are measured into the receiving 
then 1 Journ. Biol. Chem. xvt. p. 192. 1913. 
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cylinder. The connections are made as shown in the figure. The acid 
and alkali in the distilling flask are mixed after the entire apparatus 
is assembled. The distillation is then carried out. No device is 
used to prevent bumping. With a small naked flame, the distilla- 
tion is complete in about five minutes. Usually two distillations 
are made at the same time. The receiver is removed, the small 
delivery tube is washed out with a few drops of water, 2 c.c. of a 2°/, 
sodium iodate and 2 cc. of a 2°/, potassium iodide solution are 


- 


hi 


Te Blower 


S04 


added. Into the delivery flasks is put a tube with a 0°5 mm. open- 
ing which reaches to the bottom of the flask. The tube is connected 
with a length of rubber tubing to a small water blower. Between the 
delivery tube and the blower are interposed two wash bottles, one con- 
taining dilute sulphuric acid and the second 25 °*/, potassium hydroxide. 


The former is placed nearer the blower. The delivery tube of each — 


wash bottle is provided with a calcium chloride tube containing cotton 
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| wool. The air passing through this purifying train is practically free 


The delivery point of the burette is drawn out to a fine point so that 


’ solution, a single drop of the N/280 thiosulphate solution is sufficient 


evaporated in a Jena test-tube 200 mm. x 25 mm. at a low pressure 


_ Slyke’s method, and of comparing the analyses with those made by the 
_ above methods. Twenty-five c.c. of blood were pipetted into a 600 c.c. 


The filtrate is water white, and does not give a reaction for coagulable 
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from all gases which would change the neutrality of the solution to be 
titrated. When the solution is neutral, the colour does not change for 
three to four minutes while the air is being bubbled through. At the 
end of this time the starch will then become blue enough so that a drop 
of N/280 thiogulphate i is necessary to bring it back to colourless. 

_ While the air is being bubbled through the solution, N/280 thiosul- 
phedatd is run in slowly from a 10 c.c. burette graduated in ¥, of a cc. 


the drops weigh 20-30 mgrms. When the colour of the iodine set free 
is mainly discharged, five drops of a 1°/, solution of soluble starch are 
added and the titration proceeds until the blue colour of the starch 
iodide has disappeared. With the air current running through the 


to discharge the colour. A control is made using all the reagents. 
The amount of, thiosulphate used in the experiment is subtracted from 
the total amount used in the control. The result multiplied by ten 
gives directly the number of milligrams of total non-protein nitrogen in 
100 c.c. of blood. | 

Urea nitrogen. Five c.c. of the alcoholic extract of blood are 


to about 1°0-0°5 c.c. The residue is treated with potassium acetate and 
acetic acid exactly as described by Folin. five c.c. of water are added 
to the melt, and the solution quantitatively transferred to a 70 c.c. with 
15 c.c. of water. Ten drops of a 40°/, solution of sodium hydroxide are 
added. The distillation and titration are carried out as above. The 
calculation is the same. 

The residual nitrogen of the blood. <, the course of other work, I have 
had an opportunity of examining blood for amino acid nitrogen by van 


beaker, and on this poured 400 c.c. of boiling water with constant 
stirring. The blood proteins are instantly coagulated. To the mixture 
10 cc. of Merck’s dialyzed iron diluted with 40 cc. of water were 
slowly added. Finally, about 0°5 gram of magnesium sulphate in 
substance was added and the mixture allowed to stand over night. 
It was then filtered through a folded filter and washed with cold water. 


proteins with sulphosalicylic acid. The solution was then concentri ted 
1 "Phe N/280 thiogulphate is made up each day from N/14 thiosulphate, 
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in a Claisen flask at as low a pressure as possible on the water-bath. 


The residue, evaporated to a few c.c., was made up to 5 or 10 cc. ina 
measuring flask, and the solution used for analysis in a micro apparatus 
of van Slyke. Duplicate analyses of two 25 c.c. portions of the same 
blood were most satisfactory. 

As will be seen from the protocols, the amount of nitrogen, either 
as total non-protein nitrogen or as the residual nitrogen given by 
subtracting the urea nitrogen from the total non-protein nitrogen does 
not seem to bear any constant ratio to the nitrogen yielded as amino- 
acid nitrogen by van Slyke’s method. One can only conclude that a 


very considerable proportion of the nitrogen estimated as rest nitrogen 


is not in a form which yields nitrogen gas with’ nitrous acid. 


1, Comparison of colorimetric estimation and titration. Aqueous solution of 


ammonium sulphate. Distillation in both cases. Amount of N taken 0°1 mg. Nitrogen 
by colorimeter 0°100, 0°100. N by titration 0°103, 0-101, 0-101. 


- 2. Comparison of titration and colorimeter, using air method. (NH,),80, solution, 


1 ¢.c. contains 0-1 mg. N. 
Titration: 1 ¢.c. gave 0°0952, 0°0952; 2c.c. gave 0°187, 0-182; 8 c.c. gave 0°289, 
0°280 ; doc. gave 0°381, 0°384, 0°410; 5..c. gave 0°491, 0°500., 


Colorimeter : 1 c.c. gave 0-090, 0°100. Time of aeration in all cases 30 minutes. As 


will be seen, the aeration method gave in my hands somewhat varying results. 
8. The determination of nitrogen in a blood residue. The evaporation, digestion 


and distillation were carried out as described in the text. The amount of nitrogen in : 


milligrams per 100 c.c. blodi was as follows: 25-0, 25-0, 25-0, 25°0, 25°0, 25-0, 25-0, 
26°6, 26°6. 

4, Comparison of colorimeter and titration. Blood residue. Titration : — 80°7, 
30°6. Colorimeter: 29-0, 29°4, 29-0. 

5, Comparison of urea estimations by air and by distillation : ‘air 21-8, 20°8 ; distil- 
lation 21-7, 21-5. Another solution: air 10-5; distillation 11-1. 


6. Comparison of ethyl and methyl alcohols for the precipitation of proteins. Exp. 1. 


Methyl alcohol 32-7, ethyl alcohol 832. Exp. 2. Methyl alcohol 69-0, ethyl alcohol 70-5. 
_ Estimation of urea.’ Methyl alcohol 14-4, ethyl alcohol 14-4. 
7. Comparison of the determination of residual nitrogen non- — 
urea nitrogen) and —— nitrogen. 


Amino acid N 
Exp. Residual N N 
1 179 4660—“(“‘é 
2 11°2 5°76 51 
3 8°81 
17°4 5°71 
20°65 717 
6 


13°4 701 
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THE . METABOLISM OF THE SALIVARY GLAND. 
I. THE NITROGEN METABOLISM OF THE RESTING 
GLAND. By CHARLES G. L. WOLF ann JOSEPH 
BARCROFT. | 


(From the Institute for the Study of Animal Nutrition, School of 


Agriculture, and the Physiological Laboratory, Cambridge University.) 


INTRODUCTION. 
THE present research is an attempt to investigate the nitrogenous 
metabolism of the submaxillary gland by direct methods. Chauveau 
and Kaufmann, in the case both of this gland and of the masseter and 
levator labii superioris muscles, endeavoured to equate the CO, given 
out against the sugar taken up. In the case of the submaxillary they 
arrived at no certain result with regard to the carbohydrate metabolism 


and left the nitrogenous metabolism untouched. In the case of the 


levator labii superioris they found that the CO, on occasions given out 
was more than equivalent to the oxygen taken in. This might be due 
to one phase of a “hysteresis” of CO, such as had been described 
by several blood gas workers (Barcroft and Brodie’, Barcroft and 
Dixon’, etc.), but it also suggests that other substances besides sugar 
may be broken down to form CO,. Such substances may be nitro- 
genous, and indeed it is evident that any complete scheme for the 
investigation of the metabolism of the individual tissues must take 
account both of the nitrogenous and of the non-nitrogenous metabolism 
of the tissue in question. : 

A distinction must be drawn between (1) protein and (2) non-protein — 
nitrogen, The degree of oxidation of the non-protein nitrogen may 
be gauged to some extent by a separate consideration of the urea. 

The modern view is to shift the scene of amino-acid transformation 


from the liver to the tissues in general, and if such be the case one 


ought to obtain information of value on this point by an examination 


1 Barcroft and Brodie. This Journal, xxx. p. 67. 19065. 
? Barcroft and Dixon. This Journal, xxxv. p. 182. 1907. 
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of the incoming and outgoing blood of individual tissues. The pos- 
sibility of doing so depends largely on the refinement of our analytical 
methods. The methods of titration and distillation of nitrogen, which 
have been described in a previous paper’ by one of us, appeared to bring 
the accuracy of the determination to a point where one might rely 
upon them to indicate small differences, so that we have undertaken to 
investigate the non-protein and urea nitrogen exchange of a tissue 
which lends itself particularly well to the problem. | 
- Methods. The preparation was essentially that used by Barcroft 
in his study of the gaseous metabolism of the salivary gland*. Dogs 
were used throughout the experiments. The chorda tympani nerve 
was ligatured and cut. The vago-sympathetic of the corresponding 
side was sectioned, and a cannula tied in Wharton's duct. The right 
femoral artery was exposed and a cannula inserted. From this the 
arterial samples of blood were taken. 
A short wide paraffined cannula was inserted into the right external 
jugular vein. All tributaries except those coming from the gland itself 
had previously been ligatured. The blood for analysis was received in 
pipettes which were attached to the cannula by a short piece of rubber 
_ tubing. These pipettes were furnished with two marks indicating a 
content of 5c.c. The time taken to flow between these two marks was 
taken with a stop watch. The pipettes were moistened beforehand 
with a 10°/, solution of neutral potassium oxalate. The blood was 
- immediately delivered into 45 cc. of methyl alcohol. In later ex- 
periments ethyl alcohol was used. The blood and alcohol were 
thoroughly mixed by shaking and allowed to stand for 18 to 24 hours. 
The analyses were carried out by the modification of Folin’s method 
already described by one of us in this Journal. | 
_ A farther attempt has been made to estimate the carbohydrate and 
_ salt exchange, using the methods of Bang and Michaelis and making 
comparative analyses of the venous and arterial bloods. This work is 
~ not complete and will form the subject of a further paper. 


THE NON-PROTEIN NITROGEN EXCHANGE OF THE GLAND. ~*' 


During the course of our experiments our technique improved 
considerably, and we ultimately reached a stage in which two samples 
of arterial blood gave very close results as regards non-protein nitrogen 


‘ Wolf. This Journal, xxx. p. 89. 1914. 
Baroroft. This Journal, xxvm. p. 39. 1901. 


4 
a 
4 
tes t 
thie 
4 
‘a 
q 
4 
& 
mc 


SALIVARY GLAND METABOLISM. 97 


content. We have only accepted as a basis of calculation of nitrogen 
exchange those experiments in which samples of arterial blood taken 
within five minutes or so of one another yielded results within 0°8 mgs. 
of one another per 100 .c. of blood, i.e. either determination might have 
an error of +°4 mgs. As the whole validity of our results depends upon 
the closeness of these duplicate analyses we give them here: 


Non-protein nitrogen in arterial blood (mgs. per 100 c.c. of blood). 


Exp. 1 2 8 4 6 7 8 
Commencement 286 364 23 247 2274 685 £276 
of Exp. 286 3866 23 20 274 #685 £272 


End of Exp. 286 3878 273 247 276 68:5 266 
286 878 274 24-7 282 690 262 


Naturally there is a greater variation between the samples at the 


beginning and end of the experiment than between duplicates taken 


within a few minutes of one another. The following are typical — 
examples of the changes which occurred during that period of a 
single experiment. The second example given shows the greatest 
change which we observed. 


Exp. -4 2 


Non.protein nitrogen 947 950 $47 247 864 866 878 878 
in arterial blood 
Neither the loss of blood occasioned by our experiment, nor other 
more obscure causes, produced any considerable alteration in the non- 
protein nitrogen of the arterial blood during the period covered by our — 
determination. | 
Taking the experimental error as +0°4 mgs. p.c., a consideration of 
the following data will show that each individual experiment gave a 
definite result, i.e. a gland appeared either to take in or give out 
non-protein nitrogen throughout the whole course of the experiment 
but not to do one thing at one time and the reverse subsequently as 
would have been the case had the margins which we observed been due 
to our analytical errors. The experiments fall into three groups: 
(1) Those in which the gland acquired non-protein nitrogen, 
(2) One in which the gland was almost in non-protein nitrogenous 
(3). Those experiments in which the gland appeared to yield 
. "non-protein nitrogen to the blood, 
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and therefore yield the three possible results though the first was the 

- Group I consists of four experiments. In three of these, Exps. 1, 2 
and 4, no single analysis of venous blood came within experimental 
error of any single analysis of arterial blood. The details are as 


follows: | 
Non-protein nitrogen in blood (mgs. p.c.). 

Exp. 1 Exp. 2 4 

Arterial blood at commencement 36°6+0°4 

of experiment 26 64 25-0 
Period I 26°8 87 
a7-4 4 
Venous blood 88-8 98-0 

28°6 87°8 
Arterial blood at end of Exp. 


Exp. 3 gives the same result as those quoted above; there was 
however a general rise in the non-protein nitrogen both in the arterial 
and venous samples. It happens therefore that the two last venous — 
samples contain as much non-protein nitrogen as the arterial samples 
at the commencement of the experiment, but a comparison of the later 
venous samples with the arterial ones taken immediately after them, 
leaves no doubt that the gland was enriching itself at the expense of | 


the blood. 
Exp. 3. Non-protein nitrogen in blood (mgs. p.c.). 

os Venous blood | 

These four experiments are in sharp distinction to those in the next 

two groups. | 
In this group also we may put Exp. 5. The nitrogen estimations : 


in the arterial blood are not sufficiently concordant to admit of a a 
calculation of the nitrogen exchange, nevertheless in four out of the six a 
determinations there is clear evidence that the gland took in non- : 
protein nitrogen whilst in none is there clear evidence of the reverse. 

The figures are in the appendix. 
- Group IT. In this group there is one experiment, namel i 
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or differ so slightly from one another that no calculation of any value 
could be made of the nitrogen exchange of the gland. The gland 


_ ‘may therefore be said to be in equilibrium. The tendency is for the 


arterial blood to contain less non-protein nitrogen than the venous 


Arterial blood st Venous Arterial 
: at commencement blood at 
Exe. 8 276 27°4 26-6 
27°2 26°6 


Group III consists of two experiments. In Exp. 7 the non-protein 
nitrogen in the venous blood exceeds that in the arterial blood by about 


_- 8 mgs. throughout the whole experiment. The experiment is remark- 


able in another respect, namely that the whole amount of non-protein 
nitrogen is two to three times the normal quantity in the blood. A 
note will be found on this point later. | 


Exp. 7. Non-protein nitrogen in blood (mgs. 100 oc. of blood). 


Arterial blood Venous Arterial blood 
at commencement Bee blood at end 
685 15 16 15 68-5 


68:5 69°0 
Th Exp. 6 this difference between the arterial and venous blood was 


much less pronounced. 


Exp, 6. Non-protein nitrogen in blood (mgs. p.c.). E 


Arterial blood Venous 
28°8 28°4 -28°8 28°8 27°6 
27:4 28-2 


In some of the experiments quoted, not only can it be shown that 


_ there is a change in the blood which continues in the same sense 


throughont the entire experiment, but the balance of non-protein 
nitrogen taken up from the gland or contributed to it can be calculated. 

_ In Group I such an experiment is Exp. 1. The following are the 
data from which the nitrogen taken up may be calculated: | 


Blood flow in 

. ¢.¢, per min. 
Arterial I  VenousI 2°5 
Venous II 27°4 
286 


On the assumption that each non-protein nitrogen determination 
may be wrong to the extent of 0-4 mgs. the nitrogen taken up by the 
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gland would come out in the first period to some figure between 


078 and ‘038 mgs. per minute. A similar calculation for the second 


- period would make the limits 05 and ‘01 mgs. of nitrogen taken up — 


per minute. These two determinations followed one another so rapidly 
that we regarded them as duplicate determinations and taken together 
therefore they give the result that the gland was taking up between 


05 and ‘038 mgs. more non-protein nitrogen from the blood than it~ 


was contributing to it. 


Another experiment in Group I which gives a clear result is Exp. 4. 


The following are the data: 

Non-protein nitrogen in blood in mgs. per 100 cc. 

24°7 24°6—25°1 VenousI 2804-4 

24744 248—251 » Ill 22°62°4 

Arterial IV 302-4 

» 

VI 21-54°4 


The data would come out between the following limits caleulated to 


the nearest milligram. 


Balance of non-protein nitrogen taken up by gland per minute in 


Determination Inferior limit 
1, 10 
2. 08 
07 
4, 02 
5. -08 
6. 07 


Superior limit 
27 
16 
‘16 
06 
18 
12 


The divergence between the limits is naturally greatest in the 
earlier samples, in which the blood flow was most rapid, but with the 
exception of determination 4 in which the blood flow appeared very 
slow, any figure between 0-1 and 012 mgs. per minute would satisfy 


any one of the determinations. 


The remaining experiments in Group I are more difficult of 
interpretation, inasmuch as there is a change in the composition of 
the arterial blood during the experiment; we have assumed that this 
change took place progressively and in Exp. 2 we have interpolated 
values between the observed initial and final ones as follows : 
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Exp. 2. Non-protein nitrogén in arterial blood in mgs. pe. 
Value for 
a. Superior limit 868 87-1! 874 876 879 «882 
i Inferior limit 862 86:7 36°9 87°1 874 
; } Corresponding values for non-protein nitrogen in the venous blood. 
Period 1 4 5 6 
Inferior limit 83°8 83-0 820 «88-4 816 
i We obtain the value for the balance as follows : | 
? Balance of non-protein nitrogen taken in by gland in mgs. per min. 
+ Determination 1 2 . 8 4 5 6 
Inferior limit 0-9 1°2 1-0 1°4 
Rateofbloodfiow 476 470 89  ##(179 29% 
in per min. 
\ _ With the exception of period 4 the figure 1°4 a per minute 
vat would satisfy all the determinations in the above table. 
-@ In a similar way Exp. 3, gives the following result : 
Determination 8 4 5 6 
Superior limit -0066 010 0145 010 -0080 +0064 
Inferior limit 0012 007-0060 0044-0080 
Rate of blood flow 38°3 297 «88275 
in per min. 
re ‘The figure 065 mgs. per minute nearly satisfies all the above 
13 determinations. 
1 In Group III the results of Exp. 6, worked out in the same 
4 | way as those of previous experiments, come out as follows: 
| Exp. 6. Balance of non-protein nitrogen given out by gland 
in mgs. per min. 
Determination 1 2 8 4 
Inferior limit 014 012 
Superior limit 012 083 049 039 
Rate of blood flow 51 5°5 29 2°8 
in 6.¢. per min. 


. Any figure between 039 and 031 satisfies these determinations 
and the value ‘035 mgs. per minute may be taken as the measure of 
the ae metabolic balance. 


2 Ttalies signify interpolated values. 
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This experiment possesses an additional interest in that we reduced 
the rate of blood flow to about half its former value in the two last 
determinations by peripheral stimulation of the divided vagus. The | 
nerve was stimulated for each alternate ten seconds during the period 
in which the blood was collected. It is not clear from the determina- 
tion that our doing so had any effect on the metabolism of the gland. 

- The second experiment in which the gland gave out @ balance of 
non-protein nitrogen was Exp. 7. The results were as follows: 


7. 
in mgs. per min. 
Inferior limit “27 “24 22 
Superior limit 38 82 
- Blood flow in c.c. 11°3 10°7 93 8°9 
per min. 
With regard to those experiments in which non-protein nitrogen 
disappears from the blood, the question might arise—Is it absorbed 
by the gland or does it pass away in the lymph? The evidence from 
the work of Bainbridge? and other researches shows that the lymph 3 
flow from the resting submaxillary gland is very small, perhaps ‘02 c.c. f 
per minute or less than 1°/, of the blood flow. Such a quantity of 4 
lymph would contain ‘1 mgs.* total nitrogen and perhaps something © : 
of the order of ‘005 mgs. of non-protein nitrogen. It does not seem 
that this quantity could account for the loss sustained by the blood. 


THE UREA EXCHANGE OF THE GLAND. | 


We have endeavoured to press our investigation somewhat further, 
and to discriminate between the urea taken up or given out by the 
gland and the remainder of the non-protein nitrogen. : 

Our urea determinations are on the whole less clear than the 
determinations which we have already discussed, that is to say, the 
estimations of urea of the arterial blood are less concordant in some 

_ experiments—in others however there is every reason to be satisfied 
with our duplicates, and these we will discuss ; and we will retain the 
grouping which we have hitherto used. 

Group I in which the gland absorbed a balance of non-protein 

nitrogen, In Exp. 1 the urea determinations in the arterial blood 


Bainbridge. This Journal, Xxvi. p. 79. 1900. 
* Munk and Rosenstein. Virchow’s Arch. oxxmi. pp. 280-484 sqq. 1891. 
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all fell between 14°0 and 14-4 mgs. per 100 cc. of blood, and as there 
were four of them and these were all taken within a short interval of 
time, we have taken 140-144 as representing the extreme limits of 
error in the urea of the arterial blood. Each of the two determinations 


of the venous blood gave a result of 18°8 mgs. +-4. The extreme 


possibilities therefore for each determination are (a) 14°4 (arterial) 
~ 13°4 (venous) = 1 mgs. of urea absorbed per 100 c.c. of blood passing 
the gland, and 14:0 (arterial) — 142 (venous) =*2 mgs. of 

urea gwen out per 100 cc. of blood, and the urea metabolism would 


be between the following limits: 


Exp, 1. Balance of wurea in mgs. per min 
1 


Superior limit (urea absorbed) 025 019 
Inferior limit (urea given out) 01 009 
Blood flow in per min. 2°5 


It is not possible to say whether urea was taken up or absorbed, 
and in any case the quantity was so trifling that we may take it as 
being non-existent. Turning back to the figure which we obtained for 
the non-protein nitrogen taken up by the gland we found it to hg 
approximately ‘05-038 mgs. per minute (p. 100). It would seem 
probable that none of this was urea and in any case not more than 
about half of it can have been so, This experiment therefore shows, 
as far as one experiment can, that the submaxillary gland on occasions 
takes up nitrogenous material, which is on the one hand of a lower 
grade than protein and on the other of a higher grade than urea. 

Concerning Exp. 4 nothing can be said further than that the 
figures convey the impression that there is a small intake of urea by 
the gland. Neither the arterial nor the venous determinations are 
sufficiently’ concordant to allow of a calculation on the subject. It is 
clear however that any such result if it exists does not amount to the 


_ observed intake of non-protein nitrogen by the gland. Exp. 4 therefore 


confirms Exp. 1. 
Exp. 2, on the other hand, may serve as the basis of calculation. 


or urea are : 


Exp. 2. Urea in arterial blood in mgs. p.c. 


Determination at commencement 21°34°4 20°84 “4, ie. 209-212 
Determination at end 204-4, 200-208 
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| Exp, 2. Urea in venous blood in mgs. po. 
Determination 1 5 6 


Superior limit 20°2 20°8 21°5 214°. 
Inferior limit 19°4 20°0 20°7 206 205 202 


Here the venous samples overlap so completely that it would be 


impossible to state definitely that there was urea exchange. [If it 


existed it would be negligible in comparison with the intake of non- 
protein nitrogen, which was 1-4 mgs. per minute. Exp. 2 also confirms 


Exp. 1 in showing that the gland takes up non-protein —— 
material of a higher grade than urea. 

Exp. 8, the last mentioned in Group I, stands by itself in the 
matter of urea, the figures showing a considerable absorption of urea, in 


fact an absorption which is greater than that of the total of non- 


protein nitrogen, therefore the’ higher nitrogenous exchange was an 
output of nitrogen. 


Group III in which the gland absorbed non-protein nitrogen. Exp.6 . 


yielded more uniform urea determinations than any other. Urea was 


given out in each determination. The following data were obtained — 


from it: 
- Exp. 6. Urea given in mgs. per min, 
Determination —_ 1 2 8 4 
Superior limit ‘01 02 00 00 
Blood flow 5°1 58 | 29 2-8 


The urea given out would appear to be between ‘02 and ‘05 mgs. 


_ per minute, the mean being about ‘035—this figure being the same as 


the total non-protein nitrogen given out. 


In Exp. 7 it has not been possible to calculate the urea balance ~ 


exactly, but inspection of the figures in the Appendix will show that 
there was little if any, and in any case that it is not possible to regard 
the non-protein nitrogen given out by the gland as being urea, 

We may now tabulate the non-protein nitrogen of the gland in 
terms of each gram of gland per minute, and the urea metabolism in 
the same way, using the positive sign to denote a balance of material 


taken up by the gland, and a negative sign to uienan material con- 
tributed to the blood by ” gland. 
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Exp. 
Weight of gland gram 3-4 4 78 8°4 
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Motabotiom per gram of gland per min. 


Group1 Groups 


8 
Non-protein nitrogen +04 +'11 +14 +:07 00 --085 
Non-protein nitrogen 4+°012 +°18 00 


per min. 
Urea per min. “00 ? 00  ?more ? — ? 
than -07 
Urea per gram of gland 00 — 00 0? 
per min. 2 
Residual nitrogen per 012 posi- -18 nega- 05 
gram of gland per tive tive 
min. 


THE CHANGES IN THE COMPOSITION OF THE BLOOD. 


So far the nitrogen exchange between the blood and the gland has 
been discussed from the point of view of the gland. Something 
remains to be said about the change in composition of the blood. 

The greatest change in the non-protein nitrogen which was observed 
was in Exp, 2. The loss of non-protein nitrogen from the blood was 


between the following limits. 
Determination 1 2 8 4 5 6 
Superior limit 8°5 41— 5-4 42 6°5 6°3 
Inferior limit ‘19 26 8°9 2°7 4°7 


The greatest difference that we have observed is roughly 6 mgs. of 
nitrogen per c.c. of blood; this was about one seventh of the non- 
protein nitrogen in the blood, which amounted to about 37 mgs. per 
100 «ec. of blood. These figures become even more interesting in view 
of the fact that none of the non-protein nitrogen taken up was urea: 
if anything urea was added to the blood. We may therefore take the 
residual nitrogen absorbed as 6 mgs. in determinations 5 and 6 whilst - 
that in the blood was about 17 mgs. per 100 c.c., the urea being about 
20 mgs. ‘Thus in round numbers one third of the “residual” nitrogen — 
in the blood was lost by it in its passage through the capillaries of the 

land. 
: It is unnecessary to go through a similar calculation for each 
experiment, the data for such a calculation will be found in the 
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Appendix. Here we need only give the corresponding experiment in 
which the maximal amount of non-protein nitrogen was acquired by 
the blood. This was Exp. 7. In-the various determinations it was 
pretty constantly between the limits of 88 and 2°2 mgs. per 100 co, of 
blood. Taking it roughly at 3 mgs, it amounted to rather more than 
one twentieth of the total non-protein nitrogen, which was nearly 
70 mgs. pc. Here again there was very little urea, if any, exchange, 
- but on the other hand much (50 mgs.) urea in the blood, The 3 mgs. 


of nitrogen gained was “residual nitrogen” and it formed about one 


sixth of the “residual” nitrogen in the blood. 
_ It is rather suggestive that the only experiment in which the blood 
has gained any considerable amount of nitrogen (the gain in Exp. 6 is 


trifling) is that in which there is more than twice the usual quantity of | 


non-protein nitrogen in the blood. It is most likely that the great 


quantity of nitrogen is due to some insufficiency on the part of the 


kidney, but if on the other hand it is due to the flooding of the system 
with non-protein nitrogen by the tissues especial interest attaches to 
the facts that this non-protein nitrogen is residual nitrogen whilst the 
excess in blood’ is urea—presumably in the liver the one is changed 
into the other as fast as it is produced. . 

In this animal we seem to be dealing with a uremic condition; the 
values which we found are in the middle ranges of those obtained by 
Karsner and Denis? in their study of nephritis produced by uranium 
and arsenic salts and hemolytic:sera. Unfortunately the condition was 


not known early enough so that an examination of the kidneys was. 


not made. It is worthy of note that the same high urea non-protein 
nitrogen ratio was found by these observers with arsenic and diphtheria 
_ toxin—agents, the former of which attacks the proximal convoluted 
tubules more specifically. The toxin is more pronounced in its effect 
on the glomerulus, so that neither the high non-protein. nitrogen content 


nor the urea ratio gives us a clue to the type of nephritis in the present — 


instance. 
THE EFFECT OF CHANGES IN BLOOD-FLOW ON THE 
NITROGEN EXCHANGE. 


| - We would revert to the table given above, p. 105 (Exp. 2). There it 


will be seen (1) that the quantities of nitrogen lost by the blood differ 
greatly in different determinations, (2) that on the whole they. increase 


Jour. Kap. Med. xxx. pp. 959 and 270. 1914. 
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as the experiment progresses. In an earlier part of the paper (p. 101) it 
was shown that with the exception of determination 4, any of these 


determinations would yield a value for the nitrogen taken up by the 


gland of 14 mgs. per minute. These statements are reconciled by the 
fact that as the experiment progressed the blood flow through the gland 
became less rapid. Naturally in an experiment in which much blood 
was withdrawn from the animal (at least ten samples of 50 c.c. each) 


the arterial pressure would fall and the blood stream would slacken. 
The experiment therefore suggeste that mechanical changes in the rate 


of flow of blood do not affect-the nitrogen taken up by the gland. 


Of the same nature are the figures in Exp. 4; here again there is one 
aberrant determination, namely No. 4. The arterial blood contained in 


- four determinations: 24-7, 25-0, 24°7 and 24:7 mgs. of nitrogen. For the 


present purpose we may average these at 248 and then compare them 


_ directly with the corresponding determinations for the venous — We 
find that the — data are obtained : 


Exp. 4. 

Determination 1 2 8 4 5 6 
Non-protein nitrogen in 230 23:0 226 280 216 #£21% 
Non-protein nitrogen lost 1°8 18 2:2 1°8 8°8 32 

per 100 c.c. of blood 


Blood flowinc.c.permin. 11-1 8-4 5-4 2:5 83 880 


Here again the general tendency is for the margin of nitrogen between 
the arterial and venous bloods to increase as the blood flow slackens, 
We must draw a distinction between a true mechanical change in the 
rate of blood flow such as would be caused by a fall in arterial pressure, 
and a mechanical obstruction such as a trifling obstruction in the 
cannula, or some pressure on the vein. ‘The latter would prevent a free 
flow into the cannula, and would cause the vein to swell up. It would 


_ lead to such a result as is seen in determination 4. 


As mentioned above under Exp. 6, we were unable to observe any 
definite change in the metabolism as the result of as the blood 
flow by peripheral vagus stimulation. 


SUMMARY OF RESULTS. 


1. In five out of eight experiments the submaxillary gland was 
taking more non-protein nitrogen from the blood than it contributed to 
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a balance of non-protein nitrogen to the blood) The 
‘maximal amount taken up was ‘18 mgs. of nitrogen per gram of gland | 


per minute. 


2. In six of these experiments we were able to obtain information 


as to the direction of the urea exchanges. In three of these there was 
no urea taken in or given out, in one the blood acquired urea and in 
two the gland acquired urea. The maximal urea exchange was ‘014 mgs, 


per gram of gland per min. 


3. The urea exchange when present was in general small compared ? 


with the total non-protein nitrogen exchange—therefore the main 
exchange is that of “residual nitrogen.” In one experiment the gland 
took up ‘18 mgs. of residual nitrogen per gram of gland per minute. 
_.. & Mechanical changes in the rate of flow in the gland in a single 


experiment within limits did not alter the amount of non-protein 


nitrogen taken up. 

5. The maximal difference in composition between the arterial and 
venous bloods in non-protein nitrogen was 55408 mgs. per 100 c.c. of 
blood. The maximal difference in residual nitrogen is ey 
the same. 


The expenses of the above research have been defrayed in part by 8 grant from the 
Royal Society. 
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AN INTRODUCTION TO THE STUDY OF 
COLOUR VISION 


By J. DSe., .F.RCS., Ophthalmic Surgeon, 


Hospital; Surgeon, Royal London (Moorfields) Ophthalmic Hospital. 


With coloured frontispiece and 75 text-figures. 
Price 12s 6d net 


Extract from the Preface 


vast literature on colour vision consists almost of 

written in support of some particular theory. It is 
pn ly difficalt to obtain a general and unbiassed view of the 
subject. I have here endeavoured to separate the best established 
facts of colour vision from the theories, and have then discussed the 
chief theories in the _ of these facts. 


CONTENTS 
PART 1 
THE CHIEF FACTS OF NORMAL COLOUR VISION 

Szcrion I. Tax Bases or Corour Vision. 3 PAGE 
Szorion II, Tae as BY THE (Pxorortc) Eyz. 
Chap. II. The Discrimination of Hue in the Spectrum : 30 
- Chap. III. The Mixture of Pure-colour Stimuli 33 
Chap. IV. The Luminosity of the Spectrum 42 
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Chap. 1. Adaptation or Temporal Induction 


Chap. I Scotopia or Twilight Vision . . . =. 
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Chap. L The Field of Vision for Colours... 67 

Chap. II. The Maoula lutea and Fovea centralis 8] 
Szorron V. Txmporat Evrucrs. 

Chap. I. Recurrent Vision; the Talbot-Plateau Law; the 

Phenomenon 
Chap. IL. Induction or After Imeges | 
Chap. III. The Effects of “Fatigue” 
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é Simultaneous Contrast or Spatial Induction ‘ 
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Introduction 


The Colour Vision of Primitive Races 
The Development of Colour Vision in the Child 
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THE INFLUENCE OF TEMPERATURE ON THE 
SECRETION OF SWEAT. By J. M. O'CONNOR. 


‘(From the Physiological Department, University Oollege, Dublin.) 


QUANTITATIVE experiments on the secretion of sweat by animals are 
few, and our knowledge of the subject, being based on investigations 


on human beings which cannot be subjected to such acute operative 
procedures as are feasible on anwsthetised animals, has remained 
in a comparatively undeveloped state. Part of this deficiency I have 


endeavoured to fill by work, embodied in this paper, in which the 
excretion of water from the foot of the cat has been investigated. 

_ The amount of water given off in definite periods of time, under 
changing conditions, to a current of dry air passing over an enclosed foot 
is determined by absorption in sulphuric acid. The general procedure 
was as follows, The cat was anzsthetised with 14 to 2 grams ethylurethan 
per kilo yiven by the mouth in 10°/, solution. After a period of 
an hour or more to allow complete anzsthesia to develop, a piece of 
suitably cut rubber membrane was attached by rubber solution as a cone 
around one of the hind feet just below the heel. The skin was cut at 


_ the point of the heel and a thin thermometer introduced under the 


skin of the foot as far as the large central pad. A piece of glass tubing 
four or more centimetres in diameter and about 6 centimetres long 
was drawn up over the leg and the foot, hanging over the edge of the 
table, was introduced into a cylindrical glass vessel 3 cm. in diameter 
furnished with two side tubes. The base of the rubber cone was tied 
to the flanged opening of this tube and the free edge of the rubber 
doubled back over the ligature. The foot was then pushed well into 
the tube and the piece of glass tubing above mentioned drawn down 
over the junction and embedded in a ring of plastic around the tube 
containing the foot. The chamber so formed was filled with liquid 
paraffin of a melting point about 43°C. so as to seal up all joinings. As 


soon as the paraffin was hard the tubes were connected by pressure 


tubing with the sulphuric acid tubes and a current of air drawn through 
by means of a water filter pump. If there is a leak it immediately 
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reveals itself by a sharp rise in the ammount of water absorbed; this was 
extremely rare. 3 

The air current passes (1) through a bottle containing pumice and . 
sulphuric acid; (2) through a large wash bottle of sulphuric acid ; y 
(3) through a U-tube of pumice and sulphuric acid, weighed before aod ; ; 
after the experiment, serving as a control on the dryness of the air; : 
(4) over the enclosed portion of the foot ; (5) alternately for periods of ve 
time varying, according to the experiment, from 5 to 20 minutes through ~ 
two weighed U-tubes of pumice and sulphuric acid which can be 
switched in or out of the air current with a minimal loss of time by 
means of two double way taps: while the current is passing through 
one tube the other is taken off and weighed to three decimal places ; 
(6) through a final control tube of pumice and sulphuric acid. As the 
amount of water taken up by this second control was never more than 
10°/, of the total and as the variations in the amount and not the 
absolute amounts of water given off were in question, this final tube 
was sometimes omitted. The quantity of air drawn through was about 
1} litres per minute. 

When the amount of water. given off by the foot fitted up in the 
described fashion is investigated after having allowed 20 minutes for 
the removal of any water which may have accumulated, it is found 
that the quantities for suécessive periods of 20 minutes fall from about — : 
20 mgs. to about 5 mgs, at which figure they become constant. $= 
Parallel with this there is a fall of the temperature of the foot from an 
initial 30°C. to a final temperature approaching that of the air, On 
investigating the influence of heat on this loss of water by the foot, the 
first question which arises is how far it is dependent on local changes of 
temperature. 

To produce a local heating the air current to the foot was passed 
through a piece of combustion tubing heated by Bunsen burners. By | 
regulating a supply of cool dry air through a bye pass it is possible to 
keep the temperature of the air in the foot tube—measured by a 
thermometer introduced into it through the paraffin—at any desired 
point. The water given off in such an experiment (see Fig. 1), just 
as in an experiment in which there is no artificial heating of the air, 
follows closely the temperature of the foot itself. 3 

It is a debated question how far this passage of water from the. foot 
1s a passive process and bow far it is due to the secretion of sweat. 

This was tested by observing the effect of injecting atropine. It was : 
—_— that nen produced no effect in experiments made as ~~ 
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Fig. 1. Abscissa. Time in hours. : 
Thick line. Water loss from foot in milligrams per 5 minutes. q 
Dotted line. Temperature of air around foot. P 
Thin line. Temperature of foot. . q 
7 
| | 
3 
2 3 5 q 
Fig. 2. Abscissa. Time in hours. 
Thick line. Water loss from foot in milligrams per 5 minutes. | 
Dotted line. Temperature of air over foot. 
Thin line. ie avo of foot. At 2.45 subcutaneous injection of 5 milligrams g 
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except in one case in which the foot temperature was kept at a high 
level; in this the injection of atropine was followed by a fall in the 
water excretion: the effect, however, may be attributed to the con- 
temporaneous fall in the foot temperature (see Fig. 2). 

To exclude any central continuous influence on a presumed active 
process the effect of cutting the sciatic nerve was frequently tried. 
This operation was usually followed by a rise in the quantities of water 
- accompanied by a rise in temperature explicable by.a vasodilatation. In 
two experiments the effect of cutting the nerve on an artificially heated 
limb was investigated. In one (Protocol 1) there was no change, in 


the other there was a slight rise without any corresponding rise in — 


temperature. 

That this loss of water in the normal anaesthetised cat is a passive 
process is further supported by the fact that under similar conditions of 
temperature the dead foot gives.off amounts similar to those of the 
living foot. This is also illustrated in Protocol 1. 

When however we examine the effect of increases of temperature 
of a higher degree applied to other portions of the body, we find 
evidence of active sweating coming into play under conditions of 
remarkable constancy. 

If the animal be left under the influence of anwsthesia for some 
hours its temperature gradually falls to 32°C. or even lower. If the 
amount of water given off by the foot of such an animal for con- 
secutive periods of 5 minutes be determined—the animal immersed 
in a bath so that the head and feet are supported above the surface and 
the bath gradually heated—one finds after a time a sudden rise in the 
quantity of water given off and about the same time sweat drops appear 
on the other feet. This outbreak of sweat is preceded by an increase 
in the temperature of the foot and by the appearance of a distinct 


polypnwa. If the temperatures of various portions of the body be 


taken it has been found in a series of experiments that the outbreak of 
sweating may occur at various internal body temperatures, when the 
_ skin temperature, measured by introducing a thermometer through a 
cut in the skin above the level of the water immediately under a 


portion of the immersed skin, has reached a point in the neighbourhood _ 


of 43°C. All the experiments done in this fashion are arranged in 
Table I. The temperatures given, except when otherwise indicated, are 
those at the beginning of or during the 5-minute period of increased 
secretion of water after the first appearance of sweat on the exposed 
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1 45 86°4 _ | 
24°4 45 89°6 
29 45 428 B77 
81°7 46 48-2 89°5 
4 28 45 482 87°65 
35 44 89 
5 88°5 46 42°7 40 
47 42°8 40°2 Brain temp. 40-4° 0. 
80°5 45°5 48-1 
8 — 45 40°5 87°4 Compare Exp. 5, Table III 
9 46 875 Sweat visible only 
cg. 20. 48 40 8 (886 
7 23 44 41°4 38°3 
11 — 45 43:3 36-7 
12 — 45 42°7 89°5 
45 43-1 88-0 


The question immediately arises, has the general body temperature 
any causal relation with the outbreak of sweat? Previous knowledge 
(Kahn) would lead us to expect it and direct experiments were made 
to prove it. A tracheotomy tube was introduced and the animal 
breathing through the tube completely immersed except the foot from 
which the water excretion was being measured, and another foot serving 
as a control on the outbreak of sweat. The temperature of the water bath . 
was raised to 39° or 40°C. In all three experiments sweat appeared 
when the body temperature was in the neighbourhood of the normal (39°) 
although the skin temperature was not appseciably higher. The 
essentials are shown in Table II. 


1 34 40 89°5 
8 27°7 89. 88°7 88°8 


It is obvious from these results that no experiment can be taken 
as proving an influence of the skin temperature in which the body 
temperature at the time of the outbreak is already near or over 39°C. 

In such experiments it is difficult to be certain of reaching the desired 
skin point before the body — has mounted too — and 
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| although as the tables show a number have been obtained it is obviously | 


desirable to have methods by which the body temperature remains low 
while that of section of the skin mounts sufficiently high. A variety 
of these have been tried. 


In one series a tracheotomy tube was introduced ‘and the head : 
allowed to hang over the edge of the table into a water bath containing 


saline’. The bath was then warmed, Sweat as shown - Table III 
breaks out when the skin reaches 43°C. — 


Temp. of Temp. 
No. teachen rectum Remarks 
48 42°4 —_ 86°6 Sweat only visible on exposed paws 
2 326 48 43°5 85°9 
8 832 48-4 39°4 
4 80°4 47 27 — 
86°7_ Compare Exp, 8, Table I 
6 81°5 46 42°9 89°4 86°6 
7 27-9 52 43-0 89-2 87°7  Oarotids cooled 
8 82°4 §1 42°9 40°2 87°4 


One of these experiments, No. 5, gave a discrepant result. The 
sweating point was unexpectedly low (41°2°). As soon as evidence of 
sweating was clear the animal was immersed in the large bath and 
again heated; sweating appeared at the unusually low skin temperature 
of 40°5° (Table I, Exp. 8), pointing clearly to the comcrean shat the 
animal was in some fashion abnormal. 


The head temperature naturally rose in these cases more rapidly 


than the temperature of the body. In those experiments in which it 
was taken, the temperature in the upper end of the trachea and fauces— 
the nearest attainable approximation to the brain temperature—rose to 
or beyond 39°. This temperature is obviously an important consideration. 
In an actual experiment made with regard to the point, sweating 
appeared when the tracheal temperature was 39°1° although the skin 
was but 41°8°. It was consequently of obvious importance to determine 
if a high skin temperature was equally efficient when the internal head 


temperature was kept low by cooling the carotid blood. Experiments — 


on these lines were done with tubes similar to those described by 
Kahn but led to no definite results (see Exp. 7, Table IT), and the 
method was eventually abandoned, 


? Saline was always used when there was a risk of irritating a wound. 
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_ In another series of experiments the hind legs and body to about 
the middle of the lumbar region were heated in the bath while the 
outbreak of sweat was taken from the fore paws on one of which the 
water excretion was measured. When the skin of the legs reaches 
a temperature averaging 43°2° the outbreak of sweat began. If novocain 
be injected into the spinal cord or the cord be cut above the heated 
area, there is no sweating until the temperature in the cesophagus 


- approaches 39°. This tends to show that the influence of the skin is a 


reflex one. The experiments are grouped in Table IV. 


Tame IV. Hind part of body and hind legs warmed in bath. 


No. of foot in bath rectum csophagus Observations 
— (60) (45°8)  (40°8) 89°6 After injection of into cord 


2 80°5 44 87°2 
(49) (46-4) (89-8) 88°9 After section of cord 
8 (48)  (45°9) 89°4 ” ” 


4 75 46 <30 #871 
5 34 46 44 88°8 87°3 


As is the case in the experimentssin which the head is heated so 
here, the local internal temperature rises rapidly and might be held 
to be the responsible factor. To controvert this an otherwise similar 
experiment. was performed in which the bath temperature was not 
allowed at first to rise above 41°5°. The rectal temperature rose and 
the esophageal slowly followed it but there was no sweating when the 
two were at 40°2° and 38°5° respectively, the skin being 414°. The 
temperature of the bath was at the next 5-minute period 44°, the skin . 
42°9°, the rectum 40°6°, and the csophagus 38°6°. It was only at the 
end of the next 5-minute period with the initial temperatures, bath 
45°3°, skin 43°3°, rectum 41°, esophagus 38°6°, that sweating was shown 
by the exposed foot and the absorption tube. This experiment shows 
that the rectal temperature at least within the limits shown is not a 
controlling factor in the production of sweat. 

In spite of the number of experiments in which (Table I) sweating 
appeared before the body temperature reached the normal, I was 
anxious to obtain further proof that it is not necessary for the tem- 
perature of the portion of the central nervous system receiving impulses 
from the skin to be normal in order that the impulses should be effective 
in inducing sweating. For this purpose another series of experiments 
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were made in which the animal was laid on its side on the, copper 
- warmer of the operating table and the skin temperature driven up by 
heating the water in the warmer to 70°. In each of these experiments 
sweating breaks out when the subcutaneous temperature reaches ood : 
usual height Table V). 


Taste V. Skin of one side of body heated. 


22°2 70 43°3 85°7 6S 
2 70 | 
24 70 44 

| 

40 

20 

10 


Fig. 3. Abscissa. Time in hours. 
Ordinate. Water loss in milligrams per 5 minutes. 


at A. Sweat visible. Skin temperature 48-3°, 
86°3°. 


at B. Skin temperature 48°7°. 
at C. Animal killed. 


All the evidence then goes to show that heat can influence the onset 
or at least the increase of sweat in two ways, viz. by a reflex dependent 
on the skin reaching a certain temperature (about 43°) or by the body 
temperature or probably the head temperature reaching a definite point 
(about 39°). It might be expected that evidence of these two ways 
would be obtained from the curve of sweat secretion in one experiment. 
Cases of the double effect can frequently be seen but owing to the 


Luchsinger states that local of metal at 70° induces 
visible sweat in the cat. — 
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large amount of sweat frequently secreted as a result of the first 


- stimulus time is required for an equilibrium to be established, and — 
_ before this time has elapsed the conditions for the second stimulus have 


arrived and any sharp change in the water curve masked. The double 
effect is however very clear in two of the three experiments of Table V, 
as in Fig. 3 which is taken from Exp. 1. In these two experiments the 
second rise in the sweat curve occurs at an unusually high semperature 


A few of the experiments do not fall into the apbatne, | 

In Exp. 5, Table IV the skin temperature was 44° for a considerable 
period before the outbreak of sweat was evident. This is probably due 
to the heating in this case having been very rapid so that the skin of 
the hind legs had reached 44° at a time when the temperature of the 
anterior portion of the body was so low as to exercise an — 


effect on the initiation of sweat. 


In Exp. 14, Table I the temperature of the skin was 44° for 
15 minutes before sweat appeared and even then the body temperature 
had risen to 39°. 


In two experiments not shown in the tables, in which it was endeavoured to cool the 
carotid blood while the temperature of the skin of the-head was rising, no sweating 
whatever was produced, although the skin temperature in both went above 47°. In one 
of these the tracheal temperature rose to 43° without producing even an acceleration of 
respiration, and in the other which was not continued so long there was not even an 
increase in the temperature of the foot. Both meet with sufficient explanation in the 
fact that, in the sharply bent position of the head the adjustment of the cooling tubes 
produced complete occlusion of the carotids and a consequent anemia of the brain. 
Another experiment of the same nature in which the animal was differently placed gave 
the usual result (Table II, Exp. 7). 


_ In none of the experiments was there support of the view that 
some cats are unable to sweat. In the matter of maximal quantity 
prod uced there were, however, marked differences. Some animals 
giving us a maximum just recognizable amounts, while others—generally 
young animals—gave off in the of 50 mg. in 
5 minutes. 


results of these go to show that in the anssthetised 
cat there is no active secretion of sweat.except under special conditions 
of temperature. Whether the secretion of water from the human skin 
is wholly an active process or not is a question which has been much — 
debated (Rubner@). An argument strongly urged in favour of the 
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view that an active secretion is continuously present -has been the fact 
that Erismann @ found that the dead skin gave off but } the amount of 
water which a corresponding area of living skin excreted in asimilar period 
under similar conditions of air temperature and humidity. » He however 
took no account of the temperature of the skin itself which, as the 
experiments in this paper show, is a controlling factor. That in man 
with increasing temperature of the surroundings there is a sharp point at 
which visible sweat appears, a point which is also marked by an increase 
in the CO, excretion, has been recognized by Schierbeck @ who finds 
that this occurs when the temperature of the air reaches 33°C. The 
sharpness and consequently the importance of this point is however 
questioned by others (Schwenkenbecher«)). 

That skin reflexes are an important element in the icidinuahinte 
regulating mechanism of the body is known since the experiments of 
Liebermeister@ and Réhrig and Zuntzm. Liebermeister went 
so far as to argue that the lowering of the temperature of the 
subcutaneous tissue is responsible for reflex regulation of the human 
being against external cold. Richter@ too, working under Filehne, 

- points out the necessity for endeavouring to distinguish between a skin 
reflex regulation of temperature and a central regulation. 

’ From the other side the importance of skin reflexes in producing 
polypnoea and the like has been frequently insisted upon and inves- 
tigated. Hitherto however so far as I know no attempt has been made, 
as in this paper, to associate such a reflex with a definite ene 2 
temperature. - 

Richet@ and Rubner and Cramerao have shown that an «tas 
at rest in strong sunshine may show all the signs of vigorous regula- 
tion against superheating without any increase in the general ‘body 
temperature. Teleologically some peripheral system of regulation 
against the radiant energy of the sun is amply necessary. Rubner and 
Cramerao) have shown that under conditions in no way extreme the 
heat resulting from metabolic processes may be negligible in comparison 
to that derived from the radiant energy of the sun, and find in their 
experiments that the heat regulation of the body “is just as much 
influenced by a sun temperature of 445°, i.e. an excess of the sun 
temperature over the shade temperature of 18°, as by a rise in the air — 
temperature from 25° to 33°5°.” It is consequently not too great an 
assumption to consider that ordinarily the skin reflex acts as a protection 
against such a source of heat, while the central mechanism is primarily 
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_ Apart fo this point of view, and making the assumption that this 
skin reflex comes into activity at the same point in the unanesthetised 
as in the anzsthetised animal, it is a question of interest how far this 
skin mechanism is affected by fever and to what extent it takes on the 
duties of the disturbed central regulation. 


SuMMaRY, 


1. Reasons are given for believing that the normal loss of water 


) from the foot of the cat is a passive process. 


2. Active sweating appears in the cooled anesthetised animal — 

_ (a) when the body temperature is raised to about normal, or 

(0) when the subcutaneous temperature reaches about 43°C. 
The results point to the ‘conclusion that the former is a protection 


against a rise of temperature of metabolic origin, and the latter a reflex 
protection against a local rise in skin temperature. 
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IMustrative Protocols (abbreviated). 
1. (a) Effect of outting the sciatic nerve on the loss of water from the foot, (b) the 
evaporating from the dead foot. 
Cat 2-2 kilos, 12 o’clock, 42 ¢,c., 10°/, urethan. First part of experiment begun at 
8.45, concluded 6.25. 


Weighings made at intervals varying from 5 to 15 minutes. Results given as for 
5 minutes..: 


9 21°3 29°4 
1l 40 33°7 
13 41 34:0 


40°5 34°3 
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Water 
a 40 85°56 3 
11 40 85°0 83-1 Nerve prepared» 
9 40 850 | 
nl 40° Nerve out 
10 40 85°1 
11 41 85°6 
10 40 85-2 
il 41 85°6 
85-7 
36-0 
278 809 880 Animal killed 
Next day air current drawn through from 10 a.m. experiment from 4.10 to 5.10 p.m. 
172 168 
4 
6 40°5 24°9 
9 40 34 | 
8 


02 - 8 


. Exp. 2, Table III. Cat kilos. Rectal temp. 885°, 10%), urethan, 
10 c.c., 10°/, urethan. 
Weighings made at 5 minute intervals; began at 3.40, concluded 6.85. 
Weight of control at beginning of experiment 34°316 gr., at end 84°322 gr. 


(mgs.) of foot of head rectum minute Remarks 
4 19-9 84-9 884 30 ; 
4 19°5 48°5 87°7 88°4 | 
4 19 43-0 89°8 88°4 
18-6 48-0 40°1 88°7 
2 18°4 45 40°8 83°9 
q 4 18-2 45 41-2 84°83 
8 18-0 47 42°2 846 28 x2 
8 18°8 47 42-2 849 
2. 20 47 419 85°2 60 
24°4 47 42 85°8 
5 Q7°4 47°5 42°6 85°4 
6 47-5 42°8 85°5 51x2 
6 82°1 48-5 43°5 85°7 
6 48°5 43°65 859 Sweat visible 
48 48-9 85°7 
ll 88-7 48 48°7 85°8 
17 48 48°4 85°9 
81 84°4 48 42°8 
20 84-2 47 48°1 36°5 
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B. Exp. 8, Table V. Cat 2°6 kilos. At 11.45, 49 0.0., 10°, urethan, 
Weighings made at 5 minute intervals; begun at 3.45, concluded at 5.40. | 
Weight of control at beginning of experiment 36-620 gr., at end 86°625 gr. 


off Tenip. akin of. of 
) of foot of side rectum esophagus minute Remarks 


84 

46 

70 24 
70 82 
70 80 
84 
70 40 
70 86-1 46 

70 60 
70 57 
70 _ 
70 — 
70 a7 
70 — 
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OBSERVATIONS ON ANASTHESIA BY PHENYL- 
ETHYL MALONYL UREA. By W. L. SYMES. 


- (From the Physiological. Laboratory of the University of London, — 
THE following observations arose from the desire to obtain uniform 


angsthesia, for prolonged periods, by simple procedure, with small dose, 


and without marked diuresis. They do not represent a complete 
investigation of the action of the drug. 

Phenyl-ethyl malonyl urea (phenyl-ethyl-barbituric acid"), a drug 
advertised under the name “Luminal” as a powerful hypnotic, is 
almost insoluble in neutral watery fluids. Its sodium salt is however 
freely soluble and- yields readily, without heat, a 10°/,—20°/, solution 
in physiological saline. It is this salt, commercially known as luminal- 
_ sodium, that has been employed in the greater part of the present 
work. Its solutions are unstable, particularly when heated. They 
should therefore be prepared: as required, with cool or slightly warmed 
(35°-40°) saline. Crystals floating on, or in, the solution indicate 
partial decomposition. 


Dosage.—Unless otherwise stated, the animals employed have been : 
cats, and the drug has been given by hypodermic injection. For cats 


weighing 2:0-2°5 kg. a convenient anzsthetic dose, for an experiment 


lasting 4—6 hours, is a single injection of 0°4 gm. (.¢. about one-tenth — 
that of urethane); and between these limits no allowance need be 


made for body weight.. 

With this dose anmsthesia i is complete (for most purposes) within 
an hour, and lasts for 24 hours or longer. Angsthesia may, if desired, 
be accelerated by giving ether, about a quarter of an hour after the 
injection of luminal. The ether may usually be discontinued when 


insensibility is complete, and must be used with extreme caution. 


Respiration tends to fail rapidly from the — effects of the 
two drugs. 


The effects of luminal do not aa their maximum for several 


* Di-ethyl-barbituric acid (veronal) and its sodium salt are also convenient anmathetics, 
in doses 50 °/9~75 9), greater than those of luminal. 


7 
€ 
om 
-g 
a 
% 
q 
2 
DY 
ig 
2 


ANASTHESIA BY ‘LUMINAL: 127 


hours. On this account it is sometimes convenient to inject the animal 
with a smaller dose, ¢.g. 0°15 gm. per kilo, on the evening before it is 
needed; and to give (if necessary) an additional 0:05 gm. per kilo. 
when commencing experiment. This avoids increasing intoxication 
during work. In such a case, care must be taken to keep the animal 
warm during the night. Luminal may also be given, with success, by 
the mouth, in doses approximately equal to those subcutaneously 
injected. For this, the acid is preferable to the sodium salt. Mashed © 
up with sardine, and diluted with milk, it is taken greedily and 
produces anwsthesia in the course of a night. 

Kilo for kilo, young animals are distinctly more sensitive than old 
ones, .A dose, for example, of 0°2 gm. per kilo, is excessive for a kitten, 
but ee for a cat of 3°0-3°5 kg. body weight. 

Onset of intoxication—The animal displays no excitement though 
both pulse and: respiration are, at first, accelerated. The onset of | 
intoxication is that of a typical cortical poison. The posterior limbs 
fail before the anterior, and these latter before the head and neck. 

For slight operations (e.g. exposure of carotid) with a dose of 0°2 gm. 
per kilo, anzesthesia is attained well within the hour, though intoxi- 
Cation is not yet maximal. 

The muscular reflexes are only lost. during the deepest intoxication 
that is compatible with survival. The corneal reflex is, consequently, 
of little value as a gauge of anesthesia. A convenient criterion of 
anwsthesia is afforded by repeatedly compressing (and rolling) the 
sciatic nerve, through the skin, between the tips of the fingers and the 
palm of the hand. If the reflex response is (consistently) no more 
than ipsi-lateral—intoxication is fairly deep, and the animal is anzesthesic 
for most operations. If the contra-lateral response is no more than 
slight, intoxication is moderate, but sufficient to ensure anesthesia for 
minor operations such as exposure of the carotid. 2 

Apart from concomitant etherisation, death from subcutaneous — 
injection of luminal (in the dose quoted above) is slow and gradual. 
A lethally dosed animal is consequently available, for experiment, for 
several hours. The following are cases in point: 


Hours of anesthesia 
Wolght of cat : prior to death 
2°0 kg. 5+x 
19 ,, 
18 ,, 7+x 


night Later experience has shown that such deaths are usually 
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prevented by keeping the animals warm. For this, an external tem- 
perature of 25°-30° is generally sufficient. 

Attention must be paid to cleanliness, when it is desired to hewn an 
animal unconscious for many days. It is advisable to bathe the eyes 
and perineum (e.g. with boracic lotion) and to disinfect the cage, almost 
every day. Broncho-pneumonia, not always attributable to bilacarriage 
of food, is an occasional cause of death. 

Effect on cardiac and respiratory rhythm.—The pulse frequency 
(normal = 120-150 per min.) is increased, and may be doubled. It 
remains high except in extreme intoxication when it may drop to 50 or 
60 per minute. Arterial pressure is high, even in deep intoxication. 


Excitation of the peripheral end bes the vagus produces its normal — 


on blood-pressure. 

The frequency of respiration (normal = 20-30 per min.) is at first 
increased. Unlike the pulse rate, it does not remain high; but (with 
increasing intoxication) falls to 10-20 per min., sometimes lower, with 


compensatory increase in amplitude. The ratio of pulse frequency to 


respiratory frequency is consequently augmented. This ratio, which is 
normally about 6:1, may reach 25: 1 without danger to life. 


When the heart fails, the ratio returns towards its normal value; 


and when this (normal) has been reached, with respiration less frequent 
than 10 per min., death has usually taken place. __ 

Under lethal dosage the respiratory rhythm falls, gradually aud 

continuously, in amplitude as well as in frequency. Death is not 
preceded by any spasm. 
Effect on nutrition and on renal secretion —The animals have been 
kept unconscious for various periods up to 18 days. A daily ration of 
100 c.c, of milk (by stomach tube) has not sufficed to prevent gradual 
loss of weight. 

The following balance sheet covers a period of lous: days: 


Initial body weight 2650 gm. Final body weight 2579 gm. 
Intake, weighed— Output collected— 
Milk 420 ,, Urine 303 ,, 
Anesthetic solution Feces 
Deficit 179 ,, 
8075 gm. 8075 gm. 


The loss of weight was approximately 18 gm. per day. The 
deficit is made up of two main factors: (1) water evaporated from skin 
and lungs, (2) excess in weight of carbon dioxide expired over 


that of oxygen taken in. It is of interest that its value (17:2 gm. per 
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kilo, per day, on a mean bodyweight of 2°6 kg.) agrees closely with that 
of Bidder and Schmidt (17'1 gm. per kilo, per day), for these factors, 
in the absence of anwsthesia. The agreement obviously depends on 
the fact that the second factor is small in comparison with the first, 
since respiratory exchange must necessarily have been lowered by the 
drug (ef. Pembrey). The respiratory exchange has not been measured. 
_. From its chemical relationship to urea, it was to be anticipated 
that luminal would be somewhat diuretic. But, when subcutaneously 
injected, its effect in this direction is not great. During deep 
intoxication, the daily output of urine has been less than 50 °/, of the 
milk ingested, during lighter intoxication the percentage is increased. 
‘This is illustrated by the following table: 


TABLE L 


day 100c.c. 42 0.0. (1050) deep intoxication 
2nd day 100c.c. 99 c.c. (1045) lighter _,, 
Srd day 100c.c, 94 ¢.c, (1080), 
4th day 100 c.c. 60 (1040) ,, 
Cat B. day 100¢cc. (1060) deep 
day 86 ¢.c. (1025) lighter _,, 


The details of metabolism have not been examined. 


Effects on the central nervous system.—It is on the central nervous 
system that the most striking effects of the drug are seen. The onset 
of intoxication has been described. Subsidence of the cortical effects 
is slow and gradual, the hind limbs returning late, and last, to complete — 
control, Sensory impairment is still noticeable when co-ordinated 
movements of the head are largely restored. The animal is, for some 
time, noticeably psychically blind, lapping when its nose is dipped in 
milk, but not recognising milk, by sight or smell, and not feeding 
when left to itself. 

Bulbar effects are seen in the reduced respiratory frequency, and in 
the accelerated pulse. Division of both vagi produces little or no 
increase in pulse frequency and little or no alteration of the 
respiratory rhythm, whilst excitation of the central end of a 
vagus (with both divided) still arrests respiration, and (with one 
intact) slows the heart. At the same time, division of both vagi 
usually raises arterial pressure, from (recognisable) augmentation of the 
ventricular output. The vasomotor mechanism, on the other hand, is 
not much affected. Arterial pressure is still high, and is further raised 
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| W. L. SYMES. 
by excitation of the central end of the sciatic when intoxication is deep - 


enough to prevent reflex contraction of the skeletal muscles (Fig. 1 A). 
Excitation of the depressor nerve produces its normal effect (Fig. 1 3). 

The spinal cord is, initially, less affected than the bulb. Muscular 
tonus and reflexes are marked, the latter perhaps, at first, increased. 
The completely unconscious animal shivers when exposed to cold 
though it does not maintain its normal temperature. As intoxication 
deepens, muscular tonus and reflexes gradually diminish to zero, and in 
extreme cases the knee jerk cannot be elicited. In this stage 


mechanical destruction of the bulb (or of the cord) produces no 


convulsions. Defscation and micturition take place automatically, but 


Fig 1. Showing reactivity of vasomotor centre during ‘luminal’ anmsthesia. 
A. Cat 2*8kg. Excitation of central end of sciatic nerve 13 hours after injection of 
0°4 gm. of luminal. 
B. Cat 2°83 kg. Excitation of central end of right vagus and depressor, 23 hours after 
ae The animal had been unconscious (under luminal) 


In both cases the stimulus was moderately strong to the tongue, but in neither case 


- was there any visible reflex contraction of skeletal muscle. No curare was used. ; 


with diminished frequency. The former happens once in 2-4 days 
(on milk diet), the latter not always daily. It is not uncommon to 
find more than 150 c.c. of urine in the bladder of a cat kept for some 
days under luminal. : 

Rectal temperature (normal = 38°-39°) falls 2°-4° even in light 
intoxication, and may drop (deep intoxication) to 30° or lower without 
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ANAESTHESIA BY ‘LUMINAL’ 


danger. to life. At this temperature, hoiiever: prolonged survival is 
only possible with the temporary aid of external heat. In one case 
rectal temperature fell during the night to 24°. The respiration had, — 
concomitantly, dropped to one in 40 seconds, and the pulse frequency to 
60 per minute. The temperature of the cage was 10°. : 
On warming the animal, temperature rose (in four hours) to 34°, 
respiratory frequency to 6 per min., the pulse to 144, and (14 hours) q 
later to 39°, 20 per min. and 230 a min. respectively. This animal : 4 
recovered 
Animals under luminal are, in one respect, more completely q 
poikilothermic than are those in hibernation. Their temperature can 4 
readily be raised above normal, and may exceed 43° if they are 
incautiously warmed. The rate of rise is slow, much slower than that 
described as accompanying the awakening from hibernation. If 
intoxication is deep the “fever” is not accompanied by tachypnea. 
‘The following is an additional example of poikilothermism. 


TABLE II. 
Cat weighing 2°2 kg. Dore gm. 


Hours after 


865° 
18°+1°_... aan Animal on warm table 
36° 
Animal not warmed 
23°0 eee ee 30° 
f 16°+1° Animal replaced on warm table 
i This animal was unconscious throughout the observation. 
‘ . _. The next table illustrates the effect of a smaller dose. 
Taste III. 
a _ Cat weighing 2°5 kg. Dose ‘08 gm. per kg. 


87°5° Animal awake, but ataxic 
This animal was not warmed. 3 
92 


| 
«& : 
| 
| 
| = 
| 
; 
| 
Rectal 
Temperature a 
4 
4 
Temperature Hours after Rectal 4 
| of room injection Temperature 
| 14° 84° 
* 
“ 
BRO 
34°5°> Animal aslee 
| 19 1 Pp 
4 
° 
| pu *eeee 85 
= 


132 W. L. SYMES. 
- As’ shown in Table III, even slight intoxication, with luminal, 


deranges thermotaxis. A dose of 01 gm. per kilo, though not enough — 


to ansesthetise, suffices to reduce rectal temperature by several degrees. 


As would be expected, thermotaxis is restored more rapidly than 


co-ordination of the limbs, 


Errect on 


All the preceding statements refer to cats. A few rabbits have 


been anssthetised by luminal and, though somewhat less susceptible 
than cats, have presented no difficulty. Prolonged anwsthesia has been 
obtained by gradual injection, into the marginal vein of the ear, of 
5°/, to 10%/, solutions. The necessary intravenous dose appears to be 
about 0°2 gm. per kilo, for young adults. The subcutaneons dose has 


been found to exceed this, but its value has not been determined. As — 


_ the solution is alkaline, it should be injected slowly (2 c.c. per min.) and 


in less concentration than that used for subcutaneous administration. | 


Anmsthesia has been found complete within about 15 minutes after 
- completion of the injection. As with cats, old animals have proved 
relatively insusceptible. In the rabbit, more often than in the cat, 


there has appeared slight increase of muscular reflexes in the early 


stage of intoxication. 


SuMMARY. 
With cate, for experiments lasting 3-5 hours, a subcutaneous dose 
of ‘2 gm. luminal per kilo is usually sufficient and safe. Except with 
old cats, anesthesia is complete within one hour. 


Since the maximum effect is only slowly produced, ‘15 gm. per | 


_ kilo may be given subcutaneously, or by the mouth, in the evening, and, 
if necessary, an additional -05 gm. per kilo on the following morning 
10-20 minutes before commencing the experiment. 

Cats under luminal are markedly poikilothermic. Unless they 
are warmed, their rectal temperature may fall below 30°, if they 
are overwarmed it may reach’ 43°, without warning from change in 
respiration. 

Cats may, with care, be kept unconscious for days, and recover 
completely. 

Rabbits are conveniently and anzsthetised, intravenous 

injection, of a 10°, — 
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CONTRIBUTIONS TO PHYSIOLOGICAL CLIMATOLOGY. 
PART II. By W. A. OSBORNE. 


(From the Physiological Laboratory, University of Melbourne.) 


Tis is a continuation of a research described in this Journal’ in 

1910 where it was shown that when the body is at rest the water loss 

7 from the skin is not a linear function of the air temperature as would 

; be the case if metabolism were constant. The skin is in fact a moist 

surface and evaporation from it will be determined in large measure by 

the physical state of the air—its temperature, humidity and movement. 

In the summer (Australian) of 1912-1913 an extended series of obser- 

vations was made by methods similar to those employed in Part I with 

this addition, that anemometric readings were taken as well. On 

calculating ont the results it was found that though the influence of 

high air velocities in increasing evaporation from the skin was con- 

* vineingly demonstrated there yet remained considerable disturbances in 

i _ the correlation of this evaporation with the above-mentioned physical 

factors. Further consideration and a new series of observations, indoor . 

7 as well as out, brought out the fact that as the anemometer only gave 

| f the horizontal resultant of wind movement it could not be relied on to 

measure the three dimensional currents and the many small vortices 

which aid in evaporation. It is to be expected that the water loss from 

aa the skin will always tend for this reason to be greater out of doors than 

: indoors with the same temperature, humidity and anemometric reading. 

In view of this I determined to carry out a fresh set of observations in 4 

which a comparison should be made between the evaporation from the d 
_ skin and the evaporation from an inert moist surface. It is obvious that a 

€ the ordinary tank evaporimeter would be of no service as its surface is a 

plane and parallel with the ground. Theory demands the surface of a 

ay sphere at an elevation from the ground equal to the mean elevation of the 

a human surface under the conditions of the experiment. An evapori- 

Bd meter was finally devised and made by the Vereinigte Fabrik* of Berlin, 

i the details of which can be understood from the accompanying diagram. 

1 This Journal, p. 845. 1910, 

2 I am much indebted to this firm for the great trouble it took in this matter. 
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The hollow sphere (c) of sete or metal is enveloped i in a tight cotton 
fabric with one seam and this carefully 
sewn and pressed. The radius of the 
cotton surface is 7°7 centimetres. A 
measuring cylinder (a) containing dis- 
tilled or rain water is inverted into the 
metal cup (b). This allows the water 
to drip through a tap so regulated that the 
cylinder will be emptied in 1 or 1} hour. 
The water trickles through the centre of | 
a metal cap (d) which has an internal 
marginal circumference of 223 cm. It 
was found necessary to have this width 
in order to. ensure even spreading of the 
water. A cup-like holder of metal (/) of — 
41:5 cm. internal marginal circumference 
catches the soak from the moist surface 
and leads it through a small funnel (9) 
into a second measuring cylinder (+), 
This supporting cup is unfortunately 
large but, if smaller, it would allow 
irregular drips from the under surface of 
the sphere. There is a small tube (h) 
allowing communication with the out- 
side air. The total evaporating surface 
amounts to 526 c.m%. 

Before the experiment the sphere 
is taken out and its surface thoroughly | 
soaked in distilled or rain water. It is 
then placed in the cup and when the 
drip from g has finished, and this occurs 
suddenly, the lower measuring cylinder 

is placed in position, the tap is turned — 

the desired amount and the time is taken by a stop watch. When the 

upper cylinder is discharged and drip ceases from g the time is observed 
‘and the amount of water in the lower cylinder measured. 

With regard to other details of methods the main features were 
those described in my first paper. The body was at rest in an. 
open mesh metal hammock in a perfect shade given by a single 
row of cedars and pines, The instruments, with the armeeption of the 
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barometer, were on a table close by. The hourly difference in weight 
was determined by a De Grave human balance. The amount of air 
expired was measured by a Zuntz respiration meter. The original 
mouthpiece of this I found rather clumsy and with too great a dead 
space, 80 an improved mouthpiece was employed. The volume of 
air expired, measured by the meter at the meter temperature, was 
brought to 760mm. of mercury by calculation and then to 0°C., to 
dew point and to 33°C. In Part I of this research I took 37°C. as the 
temperature of the air saturated with water vapour leaving the lungs 
but found afterwards that this estimate was too high’. Guided by 
the work of Loewy and Gerhartz* I have taken 33°C. asa good mean. — 
From the mass of water leaving the lung by expiration must be deducted 
the amount which enters in inspiration, an amount directly obtainable 
from the dew point figure, assuming that the volumes of expired and 
inspired air are practically the same. The air samples collected by the 
Zuntz meter being analysed the proper corrections for the O, absorbed 
and the CO, given out were also made. A fewimprovementsin the method 
may here be noted. The dew point was not calculated from the wet and 


_ dry bulb readings but was determined directly by a Regnault hygro- 


meter with silver thimbles. Owing to the absence from all laboratory 


conveniences I employed instead of the usual aspirator a positive 


current obtained from the rubber part of a spray producer. A sufficiently 
long tube allowed me to work this at a distance which prevented 
interference with the test. The barometer readings were taken with 
a mercury siphon barometer. The analyses were carried out, not as 
before by a Hempel method with thermobarometric correction, but by 
Haldane’s laboratory apparatus. The anemometer was a 2} inch air 
meter (horizontal dial) kindly lent and calibrated by Mr P. Baracchi 
the Government Astronomer. As steadiness in the velocity of the air 
movements was the exception I took the figure recorded after an hour's 
exposure, This unfortunately does not allow the correction of the 
instrument to be applied and so the values given for the air velocity as 
so many feet in the hour must ‘be taken as rough indications only of 
the horizontal resultants, For a time I employed in addition a 
Robinson anemometer but found it unsuitable for this work. 


1 Proc. Physiol, Soc. (this Journal, xuvn.), p. xii. 1918. Owing to distance from 
England I was unable to draw attention to an unfortunate omission in the wording of 
this paper. No reference was made to the correction for the 0, absorbed and the CO, given 
out, yet this was done in the way described in Part I of this research. 

Biochem, Ztschr. xuvu. p. 843. 
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In submitting the results of the experiment I no longer consider it 
necessary to give the values for the water loss by breathing as this, 
when the body is at rest, depends far more upon the relative humidity 
of the air inspired than upon any other factor. 

The following table summarises the results of the experiments 
carried out in the beginning of 1914. The delay in publication was 
due in part to a desire to get figures for lower air temperatures, but 


this I have had to give up as I found myself unable to remain at rest 


unless the clothes worn were increased to an extent that would vitiate 
the research. In the following experiments there was very little 
variation in the clothing. The'subject of the experiments was W.A.O. 
aged 40, weight 88 kilos. The hour chosen was 2-3 p.m. which showed 
very little variation in temperature. If variation of any magnitude did 
occur the results were discarded. Immediately before the first weighing 


Jan. 1 26°5 14°9 11800 62 19 0-31 
21°3 15-2 7960 38°5 10-8 0°32 
25 136 6800 66 188 0-28 
24°8 16-4 29400 14 19°5 0°26 
28 165 20400 116°5 24:7 0°21 
26-5 16°7 11600 71 16°6 0°28 
20 15600 236:5 34°8 0°15 
23 141 51 16 0-81 
29°1 15 11800 95 82-7 0-34 
» 10 26 18°4 12800 95°5 26°3 0-28 
29°4 17°4 39200 100 38°75 0°38 
» 12 1997 21000 263-5 42°5 0°16 
17-9 5600 158°5 25 0°16 
24 83 18°1 28200 200°5 87-2 0°19 
,»» 30 80-1 17 21600 105 29°6 0-28 
18 17400 41 14°6 0-36 
Feb, 1 23°4 16 15600 62 22 0°36 
32 18 20600 121 28-2 0°23 
pe 24°9 18°1 20680 48 14°1 0°29 
Ree 41 21 26000 411 48 0°12 
28 14°9 6800 81 80°4 0°35 
Bae 81:5 16°4 24600 122. 83 0°27 
30 20 7400 91 a 0°25 
89 19°5 28000 849 50 0-14 
»» 20 38°6 19°4 29000 351 48 0-14 
»» 20 36°2 22 7600 285 012 
(3.15—4.15 p.m.) 
24 21:2 18°9 9800 57 17°5 0°31 
» 28 28 18-9 7600 66°5 22 0°38 
Mar. 2 18°8 12°3 28000 28 18 0-78 
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the evaporimeter and anemometer were started, the dew point. deter- 
— and the thermometer readings taken. After the second weighing 
the dew point was redetermined and the thermometer readin , 


Comments on the Results. 
| 1. Despite varying humidity and velocity it is the temperature of 
the air, under the climatic conditions of the experiments, which is the 
leading factor in causing skin evaporation. This is well shown when 


mown EVAPORATION row SKIN — 


400 


is 20 25 30 35 45 
TEMPERATURE CENTICRADE 


: Fig. 2. 
these two variables are plotted with rectangular co-ordinates. But, as 
pointed out in Part I, the relationship is not of the simple linear type 


_ which the usually accepted theory demands. 


2. If Jan. $lst be compared with Feb. 1st it will be observed that 
though there has been in the latter date a slight fall of temperature — 
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and an apparent fall in wind velocity, a marked increase in evaporation 
has occurred both from the skin and from the evaporimeter. This 
increase has been exactly proportional in both. It is not to be ascribed . 
wholly to the slight decrease in humidity of the air but rather to those 
eddies and air movements which the instrument could not measure. 
In general, however, the action of high wind in promoting evaporation 
from the skin is well brought out by these data. 

3. On Feb. 20th the conditions before 3 p.m. were those of a north 
wind day or “ brick fielder.” But quite suddenly the sky got overcast, 
the wind dropped, the temperature fell a little whilst the wet bulb rose. 
The air felt sultry. It will be seen that a fall in evaporation from the 
skin followed very closely the fall in evaporation from the evaporimeter. 
Yet the latter state of the air was that which produces profuse visible 
perspiration on slight exertion. : 

4. When the air temperature gets high (over 30°C.) there is a fall 
in the value of H/S. This can be most readily explained by the high 
skin temperature. The temperature of the evaporimeter is the wet- 
bulb temperature, whilst the temperature of the skin though far from 
thermostatic still undergoes variations much less in amplitude than 
those that would be determined by physical changes in the air alone 
acting on a non-thermostatic surface. On the other hand, as pointed 
out in Part I when the external air is cold, there is a perceptible 
removal of blood from the skin, and when it is dry in addition there is 
a diminution in the moistness or water of imbibition. 


The expenses of this research were defrayed by a grant from the Government Grant 
Committee of the Royal Society, 
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ON THE ALLEGED INFLUENCE OF ADRENALINE 
AND OF THE SYMPATHETIC NERVOUS SYSTEM 
ON THE TONUS OF SKELETAL MUSCLE. By 
YAS KUNO. 


(From the Institute of Physiology, University College, London.) 


In spite of the large attention that has been paid to the action of 
adrenaline but little work has been carried out on its influence on 
striated muscle. Oliver and Schafer ) described an alteration of the 
muscle twitch both in the frog and in warm-blooded animals as a result 
of the injection of suprarenal extract into the blood stream. They 
found an increased height of contraction and prolongation of the 
descending part of the curve, suggesting an analogy to the action of 
small doses of veratrine. Boruttau@ observed a marked diminution 
of the elastic vibrations and increase of the contraction remainder in 
frog’s muscle as a result of injection of suprarenal extract into the 
lymph sac or of soaking the muscles in the extract itself. He compared 
the phenomenon with those resulting from fatigue. It does not seem 
to me that any of the results hitherto recorded suffice to decide the 
question as to the possible action of adrenaline on muscle tone. In the 
experiments just quoted there is no record of the doses of suprarenal 
extract employed, so that it is impossible to judge whether the results 
can be regarded as a physiological or a toxic effect of the adrenaline. 
Moreover both sets of authors attribute their results to a direct action 
of the suprarenal extract on the muscle fibres, since they could be 
obtained also on curarised muscle, while, according to more recent 
researches by Panella®, the active principle of the suprarenals acts as 
a physiological antagonist to curare. 

Mosso, Perroncito and Boeke have described two kinds of nerve 
endings in voluntary muscle, one in connection with medullated and the 
other with non-medullated—probably sympathetic—nerve fibres, and 
in 1913 De Boerw gave what seemed to be a physiological significance 
to these anatomical results. According to De Boer the skeletal muscles 
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receive their tonic innervation by means of the rami communicantes. 
As a result of dividing the rami communicantes of one hind limb in the 
frog he asserts that there was a definite diminution of tonus in the 
limb of the operated side. Moreover he cut the rami communicantes 
while observing the gradual extension of a muscle, the gastrocnemius, 
under the influence of a constant load, and observed a further extension 
of the muscle amounting to between ‘1 and ‘25mm. during the first 
five minutes after the operation. Subsequent division of the sciatic 
nerve caused no further lengthening of the muscle. In his second 
paper he describes similar results obtained on cats. 


As is well known, adrenaline exercises an influence over the nerve _ 
endings of the whole sympathetic system. If therefore the assertions — 


are true (1) that one of the two kinds of motor nerve endings is 


connected with the sympathetic system, (2) that muscle tone depends 


on the integrity of the sympathetic nerve supply to the muscle, it would 
seem highly probable that adrenaline would exercise an influence on 


muscle tone. I have therefore thought the ei it worthy of further 


experiment. 

All my experiments were carried out on Rana esculenta. I ied 
the Keith Lucas muscle trough, by means of which the muscle can be 
excited and its contraction registered while immersed in about 50c.c. 
of fluid. I made use of the sartorius muscle on account of the greater 
ease with which substances can diffuse into it. The muscle was first 
immersed in Giétthlin’s modification of Ringer’s solution’, and after 


a certain time the solution was thrown away and replaced with another — 
which contained varying doses of adrenaline. I have repeated this - 


change several times, registering a muscle twitch under each condition 
of the muscle. The stimulus used was a direct opening induction shock, 
In no case have I observed any appreciable influence of adrenaline. The 


strongest concentration of adrenaline used in these experiments was 


6: 100000, which is very large when we compare it with the strengths 


of solution necessary to evoke the other well-known effects of adrenaline. 


I think we are therefore justified in the statement that adrenaline has 
no physiological effect on striated muscle. It is true that occasionally 
I have observed a fairly marked diminution of the height of contraction, 
but this lasted after the adrenaline solution had been washed away with 
fresh Gétthlin solution and was often observed in muscles which were 
_ kept continuously in Gétthlin solution without the addition of adrenaline. 


1 NaCl 0-65 NaHCO, 0-1, KC10-01, Cally 0-0065, Na,HPO, 0-0009, NaH,P0,0-0008. 
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of the adrenaline. In neither case was any action of adrenaline to be 


.communicantes on one side. These experiments were carried out on 
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It seems probable therefore that this diminution, at any rate when it __ 
occurred with a concentration of adrenaline of less than 1 : 200000, had 
nothing to do with the presence of adrenaline. : 

In these experiments I have never noticed any spontaneous con- 
traction of the muscle on application of the adrenaline. In order, 
however, to’ be certain of this point I made other experiments, in which 
I injected “5 to 2c.c. of a 1 : 200000 adrenaline solution into the anterior 
abdominal vein of a brainless frog. In some of these experiments 
I simply observed with the eye whether any change in the posture or 
tonus of the muscles of the extremities was brought about. In others 
I connected the tendon of the gastrocnemius muscle with a very long 
lever, the end of which wrote on a slowly revolving drum, in order to be 
certain whether any shortening of the muscle occurred after the injection 


seen. 
These negative results suggested the desirability of repeating the 
experiments of De Boer. In the first place I have observed the 
posture of the hind extremities of the frog after division of the rami 


frogs in which the upper brain, including the optic lobes, had been 
destroyed. I found it very difficult to judge by mere inspection of the 
condition of the hind limbs with regard to the presence or absence of 
tonus, The posture of the limbs depends largely upon the manner in 
which the animal is hung up. If the animal is suspended somewhat 
obliquely, one extremity always looks more relaxed than the other, and 
the figures which De Boer himself gives in his paper, as a proof of the 
change of tonus, do not show to the unprejudiced obgerver any such 
marked difference between the two limbs as he makes out. Most people 
looking at these figures would find it difficult to assert on which side 
there was a deficient tone. Moreover in his figures it is not possible to 
judge of the position of the whole body, since only the lower part of the — 
frog is represented. 
These experiments I have repeated on 22 frogs, observing them at 
various intervals of time up to 48 hours after the operation, but I could 
obtain no proof of any diminished tonus of the hind extremities on the 
operated side. In eight of these experiments my results were directly 
opposed to those of De Boer, since the tonus of the hind limb on the 
operated side was apparently better marked than on the normal side. 
This was probably due to the fact that the section of the rami 
communicantes or the injury to the surrounding tissues during the 
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caused a more or less enduring stimulus which reflexly raised 
the tonus of the hind limb on the same side. By way of control 
experiments I divided in two frogs the sciatic nerve on one side, in five 
the seventh to the tenth posterior spinal roots on one side, and in 
three the anterior roots of the same nerves on one side. The animals 
in the first and third groups showed a well marked diminution of tonus on 


the operated side, which was especially marked in the position of the foot. — 


In the animals which had had the posterior roots divided, the results 
were not so evident, though still perceptible, and in two of them the 
diminution of tonus was fairly well marked. For these experiments 


‘cold frogs’ are to be recommended, since the tonus of their muscles is 


better marked than in the normal frogs) On a number of these 
I carried out the division of the rami communicantes and of the anterior 
roots of the spinal nerves. The results were similar to those already 
described but the difference was more marked. 

I next proceeded to investigate the influence of the rami com- 
municantes on the extensibility of the skeletal muscle. In order to cut 
off the muscle from its connection with the spinal cord De Boer divided 
the sciatic nerve. In my experiments I thought it better to use cold 
for this purpose, since in this way one achieves a functional division 
which is free from any excitatory influence and one which is only 
temporary. The abdominal cavity of the frog was widely opened, care 
being taken to avoid any injury to the blood vessels. The region of 
the lumbo-sacral plexus and the rami communicantes was exposed. 
A looped silver tube was placed under the sciatic nerve and a freezing 
mixture allowed to pass through the tube for six to nine minutes. 
During this time I noted whether the lengthening of the muscle 


in @ given time under a constant load was quickened in any way by — 


the cooling. If the temperature is lowered to too great an extent. 
spontaneous twitches of the muacle may occur. If however the freezing 
mixture was kept about — 6° to —7°C. the conductivity of the nerve was 
generally rapidly abolished without any sign of excitation. On ordinary 
frogs the results of these experiments showed considerable variability, 
so that it is not possible to make any definite statement on the subject. 
On ‘cold frogs’ however the results were very constant and were as 
follows : 
The tendon of the gastrocnemius muscle was exposed and « 

from the surrounding tissue, taking great care to avoid blood vessels. 
The extension of the muscle was recorded on a dram by means of a long 
lever magnifying - movement of the muscle twenty times. The drum 
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was moved every three minutes a short distance by hand, so that the 
stretching of the muscle during these intervals caused a stepped curve. 
The load on the muscle was generally 6 grams. A considerable time 
always elapsed before the length of the muscle became constant for 


Fig. 1A. 


Fig. 1B. 


Gastrocnemius. Load 6 gms. 

a K. Cooling of the sciatic nerve. 

A. Normal preparation. coenreed with the of 

the period of cooling, i.e. at the first K. the carve the 

s duration of the intervals in minutes. 

a B. Rami communicantes divided before the experiment. 

C. Anterior roots of the spinal nerves divided. wes to 


through the tube at 25° 0. 


be a given weight, at least 40 minutes, during which time the excitability 
uy of the spinal cord very often suffered, probably from deficient circulation. 


E I was therefore obliged to carry out the experiments in 10 to 40 minutes 
1 after the load had been applied, ic. at a time when the stretching of the 
. muscle was still — though at a slow rate. 
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It is evident from Fig. 1 A that the stretching of the muscle during 
the period of cooling is much more marked than before. After stopping 


the circulation of the freezing mixture the gradual stretching of the 


- muscle continues at the same slow rate as before. I have repeated 
this experiment on animals in which I had previously cut the rami 


communicantes and have always obtained exactly the same results as 


on normal animals. An example of such an experiment is shown in 
Fig. 1B. On the other hand, if the anterior roots of the spinal nerves 
had been previously divided no increase in the rate of excitation was 
obtained on cooling the nerve (cf. Fig. 1C). In other experiments 
I have divided the rami communicantes in the course of the observation 


“Hig. 2B. 
Fig. 2A—C, 
Gastrocnemius. Load 12gms. Magnification 6x. 
Strength of stimulus Coil 11 cms. 


Rate of rotation of drum 1°5 cm. per minute. ae 

A. Nervous connection of the muscle with the spinal cord intact. 
Bami communicantes divided. | 
C. Anterior roots of the spinal nerves divided. 


or destroyed them by the application of ammonia but obtained no 


increased rate of stretching, nor, in those cases where the stretching was — 


already almost maximal, any further extension. 


I am thus unable to confirm in any respects the statements of De 


Boer. 


In conclusion I may be allowed to quote a small experiment which 
probably has some bearing on the question of muscle tonus, Ifa muscle 
be excited through its nerve, while the latter is still in connection with 
the spinal cord, by means of a single shock, the muscle does not return 
immediately after the twitch to its original length, so that there is 
a small contraction remainder which gradually disappears. This 
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phenomenon was first described by Wundt, and later shown by Anrep 
to be due to an increased muscle tonus following the muscular excitation. 


My experiments were carried out on ‘cold frogs.’ The contraction of 


_ the gastrocnemius was recorded on-a slowly rotating drum. After each 


contraction the muscle is seen to remain a short time in a condition of 
partial contraction. Although this phenomenon is also found in muscles _ 
which are isolated from the spinal cord, it is much more pronounced 
when the nervous connections of the muscle are intact, and in the latter 
case the lever does not reach the original base line for at least five 
minutes after the twitch has taken place. After section of the rami 
communicantes the phenomenon was obtained'in exactly the same 
degree as in the frogs with rami communicantes intact. In the animals 
however, in which the anterior roots supplying the muscle had been 
divided, the phenomenon is almost absent, the lever returning within 
one-third to half a minute to its previous level. Curves representing 
these three results are seen in Fig. 2 A, B and C. 7 

The experiments here recorded thus justify us in concluding that 
the sympathetic nerve fibres, at any rate those which supply the hinder 
extremities of the frog, have no significance for the phenomenon of 
muscle tonus. 


SUMMARY. 


1, Adrenaline up to a strength of 6:100000 has no appreciable 
influence on the curve of contraction of the sartorius of the frog. 

2. The tonus of the hinder extremities is not altered either by the 
injection of adrenaline or by division of the rami communicantes, 
whereas the loss of tonus in frogs after division of the anterior roots of 
the spinal nerves is always marked by a relaxation of the muscles of the 
affected side. 

3. Muscles which are still in connection with the spinal cord show 
on loading a gradual increase in length which may last thirty to forty 


minutes. This phenomenon is best marked in ‘cold frogs.’ Section of 


the rami communicantes does not alter the rate at which this takes 
place, but the phenomenon is practically abolished by previous division 
of the anterior roots. : 

4. The muscles of a ‘cold frog’ which are still in connection with 
the spinal cord show a marked contraction remainder after each twitch 


due to indirect excitation. The contraction remainder gradually 
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disappears. Section of the rami communicantes does. not alter this 
phenomenon, but section of the anterior roots almost abolishes it. 

In conclusion I beg to express my thanks to Prof. Starling for | 
suggesting this work and for his advice during its execution. 
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‘ON THE RECIPROCAL INNERVATION IN TONIC 


REFLEXES FROM THE LABYRINTHS AND THE | 
NECK. By J. 8. BERITOFF (Petrograd). 


THE position of the labyrinth in space; and the position of the neck 


_ with regard to the body, have a great influence on the tonic condition of 


the extremities. The main lines of this influence have been stated by 
Magnus and de Kleijn on decerebrate animals (cat, dog, rabbit). 
According to these authors, from definite positions of the head in space 
there arise excitations of long duration in the labyrinth, which influence 
the degree of the extensor tone of all four extremities in accordance 
with certain laws. (a) When the head is lifted, the lower jaw being 
directed upwards, the orifice of the mouth forming an angle of 45° with 
the horizontal, in all the extremities the existing “spontaneous” 
extensor tone increases, %.e. decerebrate rigidity rises; (6) when the 
head assumes the opposite position, the lower jaw being directed down- — 
wards with the orifice 45° below the horizontal, the extensor tone of the 
extremities becomes weaker, and may even change into flexor tone. 


_ These reflexes, as deriving from the labyrinths, were named Poyrinth 


reflexes. 

- From definite positions of the neck with regard to the body, 
excitations of long duration arise in the muscles, tendons and articula- 
tions of the neck and act further on the tone of the extremities. When 
the head is twisted or turned, the existing tone of the extremities on the 
side to which the muzzle of the animal is turned, becomes stronger ; 
but on the other side, ¢.e. the occipital, this tone becomes weaker, and 
may even give place to a flexor tone. When the neck is bent in the 
dorsal direction the extensor tone of the anterior extremities becomes 
stronger, that of the posterior—weaker ; the effect is reversed when the 
neck is bent in the ventral direction. These tonic reflexes, as being 


_ caused by the receptors of the neck, are named neck reflexes. — 


In studying reciprocal innervation I considered only the reflexes 


Pfliger’s Archiv, 145, 8. 456. 1912; 154, 8. 178. 1918. 
PH. XLIX. | 10 
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named, and need not therefore refer to others. I first became acquainted 
with the reflexes in the laboratory of Prof. Magnus, of Utrecht, in the 
spring of 1914, and made several observations on them under Prof. 
Magnus’ direction. Detailed researches have been made in the 
physiological laboratory of the University of Petrograd. 

The methods of research were wholly worked out at the labamicry of 
Prof. Magnus, and are in their main points the same methods that were 
first applied by Prof. Sherrington. The experiments were conducted 
on cats exclusively. The animal was narcotised by ether under a bell- 
jar; and then tracheotomised in order to maintain deep narcosis by 
means of artificial respiration. The carotid arteries were tied, and the - 
vagi and sympathici cut. The isolation of the recording muscles was 
- performed before decerebration. In some preparations I took the 
antagonists of the hinder extremity: m. vastocrureus as extensor and 
m. semitendinosus as flexor. The isolation was performed after 
Sherrington’s methods with some insignificant alterations. In these 
preparations the n. popliteus externus of either side served for stimula- 
tion. In other preparations I used the antagonists of the fore extremity : 
triceps with caput longum, or without—as extensor, and brachialis—as 
flexor. The isolated action of these muscles was obtained by a method ~ 
worked out by myself, based on the directions of Prof. Magnus and his 
assistant Dr van Leeuwen. The skin was cut around the scapular 
region, then all the muscles connecting the scapula and the humerus 
with the body were cut, and all the nerves of the brachial plexus, with 
_ the exception of nn. radialis and musculo-cutaneus. In addition, at the — 
elbow joint the m. anconeus and the muscle branch of n. radialis were — 
cut. Another cutaneous branch of this nerve—n. radialis superficialis— 
served for stimulation. This extremity was usually amputated at the 
elbow joint. The second anterior extremity was not operated upon. 
_ Only the n. radialis superficialis was prepared on it for stimulation. 
In order to avoid mechanical action of the body on the recorded 

muscles, and also of one muscle on another, the recorded extremity was — 
strongly fixed at three points. On the fore extremity the following were 
fixed : the scapula, caput and distal end of the humerus; on the hinder 
extremity: the pelvis at the articulation of the femur, the trochanter 
| major and the distal end of the femur. Thus, not only active, but also 

passive, movements of joints were, as far as possible, avoided. 

| After preparing the extremities, decerebration was performed. In 
some cases the cerebellum was also removed, in order to trace its part in 
the studied. 
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At the end of the operation, which occupied some 40-90 minutes, 


| the narcosis was stopped. I began investigations at the moment of full 


development of extensor rigidity— 1-2 hours after decerebration. 
On the figures the curve of m. triceps is marked with 7, brachialis 


B, vasto-crureus V, semitendinosus §; the signal line of stimulated 


n, radialis R, n. popliteus ext. P,s and d with them denote the left 
and right side respectively. The numeral after the name of the nerve 
marke strength of stimulation in Kronecker’s units, if followed by Kr; 


in other cases it marks the distance of du Bois Reymond’s induction 


coils in centimetres. The position of the head in space and that of the 
neck with regard to the body are indicated as follows : SFP denotes the 
facial position of the recorded leg in twisting the neck ; SP its vertical 
position ; MP median position of the head, unfavourable both for the 
extensor and the flexor reflexes: 1.¢., such a position in which the neck 


is in the median line; + 75° and — 135° following these letters mark the 


position of the head in space in angles formed by the orifice of the 
mouth and the horizontal, + 45° being the position of the head favour- — 


able for the extensor labyrinth reflex, and — 
favourable for the flexor reflex. — 


According to observations of Magnus and de Kleijn, when the — 
position of the head is maximum for the production of the extensor tone — 
of the given extremity, the existing spontaneous extensor tone of the — 


latter (decerebrate rigidity) increases; when the position is minimum © 


for this tone, not only its decrease is observed, but in some cases even — 


its substitution by flexor tone. From this the authors have drawn the 


conclusion of the existence of reciprocal relations of antagonists during 
tonic innervation. The conclusion is quite correct itself, as we shall — 
see later, but does not follow directly from their observations, The — 
substitution of extensor tone by a flexor one in their methods of experi- 
menting—during the first hours after decerebration—is a rather rare 
phenomenon. Usually it is confined to partial weakening of the 
extensors. This circumstance might prove that in tonic innervation the 
flexors. take no part whatever: neither by excitation, nor by inhibition. 
A direct proof could be obtained only by means of investigating the 
functional condition of the antagonistic efferent paths in certain 
positions of the head. This is easily attained by combining different 
positions of the head with stimulation of a sensory nerve and recording 
the reactions of antagonists by the myographic method. For example, 
by stimulating the ipsilateral sensory nerve it is always possible to state 
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in what functional condition are the flexor efferent paths of a given 


extremity in given tonic reflexes. 


At the period of intense extensor rigidity which takes place in 


connection with decerebration and develops after termination of narcosis, 


the tonic reflexes chiefly assume the form of increase or decrease, of this" 


“spontaneous” extensor rigidity. At the same time the myographic 
record gives the following illustration of reactions: the amplitude of 
tonic contraction of the extensors increases, or decreases, according to the 
position of the head, the flexors remain all the while in complete repose, 
t.e. both, when the position of the head is optimum for the extensor 
tonus, and when that position is inverse. Typical effects are given in 
Fig. 1 from an animal, the cerebellum of which had been completely 
removed after decerebration. Thus, the figure will serve to illustrate 


Fig. 1. Decerebration and removal of the cerebellum 23 hrs. after operation. The 
animal is fixed on the left side. Therefore, when the head is twisted face upwards, 
with regard to the upper recorded extremity (right), the extensor influence deriving 
from the neck is combined with the extensor influence from the labyrinth. When 
the neck is twisted face downwards, both influences must be of a flexor character 
with regard to the given extremity. As indicated in the figure, the primary position 
and at last is again placed in the median position. 


intense rigidity and intense tonic reflexes in absence of the cerebellum. 


The functional condition of the fiexor efferent paths in certain positions — 


of the head appears to be quite different. At the moment when the 
position is favourable for the extensor tone, the ipsilateral stimulation 
produces a much weaker effect than in the reversed position. That 
shows: that during intense extensor tone an intense- inhibition is 
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experienced by the flexor muscles, The intensification of the tonic 


inhibition is the result which would be expected on Sherrington’s 
' views’, to take place in decerebrate extensor rigidity. A similar effect 
is shown in Fig. 2, where, notwithstanding the entire absence of the 
exteusor tone depending upon the minimum position of the head for 
it, the flexor shows no tonic contraction, although, judging from the 
effects of ipsilateral stimulation, its inhibition during the extensor tone 
was much stronger than in its absence. 
_ After a considerable weakening of extensor rigidity—usually 3-6 


_. Fig. 2, Left side position, 6 hrs, 20 mins, after decerebration. The head is first twisted 
face upwards to + 465° (Exp. A), then face downwards to - 135° (Exp. B). The flexor 
reflex in the first position is during intense extensor tone and is much weaker than 

_ in the second, at a moment when tonic reflex is absent. 


hours after the operation—when the position of the head is pessimum 
for extensor tone of the recorded extremity, the flexors of the latter are 
capable of coming into an active condition. Thus, the extensor tonic 
reflex alternates with the tonic flexor reflex. Fig. 3 gives examples 
of such alternation of effects in connection with twisting of the neck, 


1 Integrative action of nervous system, pp. 804-805, New York, 1906. 
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cli Such a functional condition of the preparation in which the flexor 
tonic reflex would appear as strong as the extensor reflex, is a very rare 
phenomenon. The reason is due to the fact that with the decrease of 
extensor rigidity a sort of flexor rigidity is rapidly developed: in a 


certain median position unfavourable both for flexor, and extensor, 


reflexes, the extremities are in a state of spontaneous tonic flexion. 
This state occurs much earlier in the hinder extremities than in the 
anterior. At this period any alteration in the position of the head 
influences the flexors exclusively. They become contracted at any 
position of the head, that is unfavourable for the extensor tone; in 
positions optimum for this tone, the contrary takes place—all tonic 
contractions of the flexors cease. The extensors are in full repose in any 
position of the head. In a word, here we observe an analogous, but 


Fig. 3. Right side position. 12 hrs. 59 mins. after decerebration, Each time the head is 
twisted face upwards, é.¢. in direction of recorded leg, in the latter a slight extension 
takes place ; when. twisted face downwards, @ comperatively strong fexion is produced 
of same leg. In the median position the tone is flexor. 


reverse condition of what was described above for the period of intense 
extensor rigidity (Fig. 4). 


The equivalent external condition of the extensor here also corre- 
sponds with different functional states of its efferent paths. In a position 


of the head favourable for the flexor tone the extensor is in a state of 
_ inhibition; this inhibition seems to become more intense in proportion 
to the strength of tonic excitation of the flexor. Fig. 5 illustrates the 
fact clearly: in different tonic conditions of the flexor the very same 
' contralateral stimulation is applied, which usually produces an extensor 
reflex. In the position of the head optimum for the extensor reflex this 
_ Gross-extension is most strongly marked; in the reverted position it 
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Fig. 4, Ventral position. 12 hrs, 8 mins, after decerebration. When twisting the 
sinciput in direction of recorded leg, the flexor tone is the greatest. In median 
position of about — 135° it is somewhat less; but when twisting with the face directed 
towards the recorded leg, the flexor tone disappears altogether. The extensor remains 

_ all the time in repose, At the moment of occipital position a strong ipsilateral — 
_ excitation was applied in order to determine the degree of flexor tone. 


Fig. 6. Ventral position. 11 hrs. 85 mins. after decerebration. In Exp. A in the 
median position the cross-stimulation produces a considerable effect. After this, 
in Exp, B the neck was twisted and followed by the same cross-stimulations; first 

in twisting the occiput in direction of recorded leg, then in twisting with the face 
directed to same, and lastly, occipitally again. Cross-extension is the strongest in 

_ the facial position of the leg, it is even greater than in Exp. A. In the occipital 

_ - position of the leg it ig much less ; and then in the second case, when the flexor tone 

_ Was comparatively stronger, the extension was found to be weaker. 
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appears that the stronger the tonic contraction of the flexor, the weaker 
is the extension. 
On the well excitable preparations a rapid change of the position of 
the head by means of turning the neck produces together with tonic 
reflexes transient reflexes of either direction, not tonic, as it seems. 3 
These reflexes precede the tonic reflexes and are sharply separated from : 
them; eg., in Fig. 6 effects on twisting the neck in side position of a 
axinaal are given: to each twist the recorded leg responded, first of all, | 
by transient extension. It appears that the time of its reaction is much 
shorter if it cannot join together with the subsequent tonic extensor 
reflex, It is characteristic that the direction of twisting is of no 
importance for the appearance of this transient extension : it appears 


Fig. 6. The cerebellum was removed. Left side position. 6 hrs. 50 mins. after decere- 
bration. Rapid twisting of neck, face upwards and downwards. The head was 
primarily in the median position. was effected face Gownwards. At 


even. when twisting is directed face oon ‘the median 
position, te. to a position the least favourable for extensor reflex. 
Another fact is noteworthy: in the same preparation careful and slow 
twisting produced—when any effects were produced at all—only tonic 
extensions without any. accompanying transient extensions. In some 
preparations, when rapid manipulations were applied, a transient con- 
traction of both antagonistic muscles preceded the tonic reflexes, and at 
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the same time the tonic reflexes themselves appeared with distinct 
reciprocal relations. All this shows that rapid change of the position 
of the neck produces, together with purely tonic reflexes, also special 
reflexes the character of which is not tonic. Rapid twisting of the neck 
leads to excitation of the skin on the neck and especially of the wound — 
on the neck, all this must, certainly, produce special, not tonic, reflexes. 

The reciprocal relations of antagonists in tonic innervation described 
above are generally present in all the abnormal functional conditions 
that are created by decerebration; viz, during extensor or flexor 
rigidity. In normal animals, where artificial raising of any tonic 
activity is absent, the relations of antagonists must be somewhat 
different. According to what I observed in my experiments on 
new-born normal kittens, and to what is seen from the experi- 
ments of Magnus and de Kleijn on normal rabbits'—the twisting 
of the neck always produced an active extension of the fore-leg 
on the facial side, and an active flexion on its occipital side; in the 
standing position the occipital side rose upwards and forward. Thus, in 
normal animals the tonic extension of the facial side leg and tonic 
flexion of the occipital side, are equivalent parts of one reflex act. If 
the same cannot be said regarding decerebrate preparations, it is only on 
account of intense spontaneous excitability of either extensor, or flexor | 
tonic centres. It appears that in the spontaneous extensor tone the 
extensor influence continues also during the time when the position of 
the head is most favourable for the flexor tone, thus hindering the 
activity of the flexor tonic centres to display itself peripherally. The 
reverse takes place, when the flexor tone is present: in this case a con- 


_ siderable flexor influence continues also, when the position of the head 


is optimum for the extensor tone, and it thus interferes with the possi- 
bility of the extensor tonic reflex to appear. The probability of this 
supposition is considerably strengthened by the fact that the median 
position of the head which is not definitely favourable either for the 
flexor, or extensor tone—e.g., in the side position, when the neck lies in 
the median line, and the orifice of the mouth in the vertical plane— 
maintains the extensor tone in extensor rigidity, and the flexor—in 
flexor rigidity. That means that the presence of extensor or flexor tone 
in a median position is undoubtedly caused by internal functional 
changes in the central nervous system which act independently of the 
position of the head. Further, in the early period after decerebration, in 


1 Pfiiger’s Archiv, 159, 8, 168. 1918, 
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the moment of intense extensor activity, a considerable extensor tone is 
usually retained even when the position of the head is most favourable 


for a flexor tone. All this signifies that the internal processes 
which cause spontaneous extensor and flexor tone continue 


acting in any alteration of the position of the head, and thus 


produce an increase of labyrinth and neck tonic reflexes of 


the same name, and a reduction of the 


to the position of the head. 
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- PATTY ACID METABOLISM IN THE LIVER. IV. THE 


RELATION OF THE IODINE VALUES OF MESEN- 
TERIC AND KIDNEY FATTY ACIDS TO THOSE OF 
LIVER FATTY ACIDS IN PREGNANT AND LAC- 
TATING RABBITS. By R. COOPE ann V. H. MOTTRAM. 


In a research on fatty infiltration of the liver during late pregnancy 
and early lactation@) a number of observations were made on the iodine 
values of the fatty acids from the mesentery, the liver and the kidney, 


- in the expectation that these iodine values would give evidence con- 
firmatory of an infiltration. It was assumed that the iodine values of 
the fatty acids of the fat dépéts (from the subcutaneous tissue, the 


mesentery and around the kidney) would approximate to constancy 
with a mean of 64°4@), and that, further, the iodine values of the fatty. 
acids of the normal liver would be about 100-110. If any transport 
of dépét fats from the dépét to the liver were to occur in amount 
sufficient to mask the desaturating influence of the liver@ it would show 


itself not only as an increase in the mass of fat present, but as a decrease 
_ in the iodine value of the liver fatty acids). This process has frequently 


been observed at work .in research on fat metabolism@, and where the 
infiltrations are large and rapid, an increase in the fatty acids in the 
liver corresponds with a decrease in their iodine value. It is obvious 
that this effect would be more demonstrable the larger the infiltrations, 
the lower the iodine value of the dépét fatty acids, the more sluggish 
the liver and the more constant the iodine values of the dépét fatty acid. 

- In earlier work it was assumed that this last desideratum was 
attained by placing animals, in which the fat dépéte had been depleted, _ 
for a long time (five months) on a constant liberal diet, so that the 
nature of the fat in the fat dépéte was determined by the nature of the 
food. This assumption may yet prove to be justified; but in any case 
direct estimations of the iodine values of the dépét fatty acids were 
desirable and so, in this research, have always been made. They give 
us @ measure of the lower level from which the animal organism proceeds 
to desaturate the fat@. Protocols of the peat made are to be 
found in the previous article). __ 
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_ A reference to the table of results will show that in the animals — 
investigated the variation of the iodine value of the fatty acids of the © 


fat dép6ts from the mean is great. A similar variation, where constancy 
was expected, was observed by one of us in the iodine value of the fatty 


acids from the egg of the domestic fowl@, In the present case it is 


from 60 to 90 approximately, with a mean of 76:1 and.a standard 
deviation of + 8°26. This standard deviation expressed as a percentage 
is + 10°85. In other words, the variation of the nature of the fatty 
acids of the fat dépéts of animals treated alike as regards dieting and 
environment for at least.a month, is so great as to render all argument 
based on the assumption of their constancy absurd. Further, the 
assumption that the triglycerides found in the fat dép6ts of domesticated 
herbivores are of the nature of oleo-stearo-palmitins is seen not. to be 
justified ; animals fed on oil cakes containing unsaturated oils of the 
cotton seed oil type being of course excluded. The fatty acids obtained 
were solid at room temperature, yet one sample had an iodine value 
almost identical with theoretical value for oleic acid (90°07). Conse- 
quently it is probable that acids of the linoleic or perhaps more 
desaturated series are present. | pais | 
3 The failure of the dép6t fatty acids to achieve constancy necessitated 
the collection of other data. The lower level from which desaturation 
proceeds being determined, we estimated the upper level to which it 
moves. This, we assume, we have in the iodine value of the fatty acids 
from the kidney substance. From the kidneys the capsule was first 
removed, and then all visible fat deposited on the neck of the ureter, 
around the calyces and blood vessels dissected away. The remaining 
tissue was dissolved in potash in the usual way, and the iodine value of 
the pure non-volatile fatty acids estimated by substantially the same 
method as that described by one of us earlier. In the seven cases 
examined there was a variation between 114°1 and 122°3, with a mean 
_ of 117-3 and a standard deviation of + 2:07. This deviation expressed 
as a percentage is + 1°78. Such a deviation, in view of the difficulties 
of. estimation, is surprisingly low, for it is within the range found for 
parallel estimations on ten grammes of fresh liver and is only a little 
above the mean of those standard deviations (+ 1:54)@. In other words 
the results are as constant as the method used would lead us to expect, 
and if we may argue from seven estimations on different animals, they 
show that the desaturation of fatty acids for use in the kidneys proceeds 
to a constant definite level. 
A similar constancy in the iodine value of the fatty acids of a tissue 
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‘uncontaminated with dépét fat has been observed by one of us in the 


myotomes of the plaiceao, There, in a set of 18 estimations still more 
difficult, the.standard deviation of iodine values expressed as a percentage 
is + 3°74. We have, therefore, some justification in assuming that when 
an organism desaturates fatty acid for use in its tissues, it does so to a 
degree constant for the species and the organ. 

If this be 80, we have two points fixed between which, in animals 
treated as those investigated were treated (viz. for at least one month on 


TABLE IL 
Exp. 
900 109-9} 112 117 
90-18 
70°68 ) (2) 106°5 
88-08) 94-62 
106-0 
12 83°6 106°4 + 106 117 
105°9 
95-28 
18 76-0 114 
95:10) 
14 60°6 109 (117) 
Pregnant or lactating rabbits. os 
688 90:10 } 90:3 116 
68°27) 9308 
| | 1129 
759 111°3 } 112 117 
AGE 112°8 | 
17 96-7 (117) 
69°58) (@) 100°7 
91 
19 nas} 92°7 (117) 
| 94-04 
99-06 
20 716-2 99°8 118 
101°0 


(a) Parallel estimations on the same sample of fatty acids. 
(>) Parallel estimations on aliquot portions of fresh liver. 
(¢) Mean value of estimations on kidneys of remaining animals. 
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ample dietary in separate cages), the iodine values of the fatty acids of — 


the liver should range, if Leathes’ interpretation of the role of the liver 
in fatty acid metabolism be true. It will be seen from Table I that 


in every case quoted this is 80. One exception only have we met, and 


in that experiment we could not, unfortunately, confirm the result, as 
sufficient material for a second estimation was not available. It occurred 
early in our work, and we think it justifiable to discard the estimation, 
as due to a mistake in technique. In no subsequent estimations have 


we had reason to doubt any results, for whenever duplicates were made 


the results are within the range of experimental error. 
Finally, we can proceed to argue from the position at which the 
liver fatty acid iodine value is interpolated between dépdt fatty acid 


iodine value and kidney fatty acid iodine value, to an infiltration of the 


liver with dépét fatty acids. We can find the average distance of liver 
fatty acid iodine value between the two limits of its variation— 


dépét fatty acid and kidney fatty acid—and compare it with the average _ 


distance in the cases of livers suspected of being infiltrated. It is true 
that we have a complicating variable of unknown dimensions in the 
desaturating action of the liver on the fatty acids sent to it from the 
dépéts. Imrie@ has shown reason to believe that this action is obvious 
when the grade of infiltration is low—exactly the cases with which we 
are dealing. But this activity of the liver would militate against the 
- magnitude of the difference we might expect to observe. If, then, in spite 
of this, we discover a difference, the argument becomes so much the 
stronger. And we can discover such a difference. ae 


TABLE II. 
Control rabbits. | 
Exp. dy dad, 
27°0 220 0°81 
10 513 87°38 0-78 
il 840 125 0°37 
12 83-4 22°4 0°67 
88-0 18°4 0°48 
Eee 56°4 48°4 0°86 Mean 0°65 
Pregnant or lactating rabbits. | 
15 52°23 26°5 0°51 
41-1 86-1 0-88 
17 85°4 15°1 0-48 
18 48-1 84:1 0°71 
19 84:2 99 0°29 
20 23°6 066 Mean 0°56 
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In Table II the difference between the iodine values of fatty acids of 
the mesentery and of the kidney is given in Column I, and is represented 
as d,. In Column II is given the difference between the iodine values 


_ of the fatty acids of the mesentery and of the liver, and this we represent 


as d,. Column III (d,+d,), gives a measure of the distance between 
the two limiting values at which we find the iodine values of the liver 
fatty acids. In control animals (Expe. 9-14) the average value is 0°65, in 
pregnant and lactating animals (Exps. 15-20) the average value is 0°56. 
In other words, the iodine value is nearer that of the dép6ts in animals 


at or about the time of parturition than it is in normal animals. The — 


SUMMARY, 


- . Rabbits, even when carefully treated to obviate metabolic abnormali- 
ties, show wide variations in the iodine values of the fatty acids from 
mesenteric fat. But the iodine values of the fatty acids from kidney 
tissue (seven experiments) show a marked constancy. In between | 
these limits, as we should expect, lie the iodine values of the liver fatty 
acids. 

In animals, at or about the time of parturition, the iodine values of 
the liver fatty acids lie nearer those of the mesenteric fatty acids than 
in normal control animals: evidence of an infiltration of the liver 
(confirming the conclusions of the previous paper) with dépét fatty 


The expenses of this research were mainly detrayed by a grant from the Royal Society. 
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SALINE DIURESIS. By 8S. YAGI M. KURODA. 
(From the Pharmacological Laboratory, University’ Oollege, London.) 


THE investigations of saline diuresis of recent years have resulted by — 
common consent in the recognition that different salts vary in the rate 
and the manner in which they make their appearance in the urine. 
The two extreme types are offered by the chlorides and the sulphates : 
both of these are found in the urine immediately after their intravenous 
injection and each attains its maximum output at the height of the 
diuresis, but thereafter the chloride generally falls rapidly with the 
reduced fluid, while the sulphate excretion diminishes more slowly. 
The percentage of chloride in the urine may remain fairly constant 
during diuresis, but more frequently falls as the urine diminishes, while 
the sulphate invariably rises in percentage at this time. Another 
difference observed by Barcroft and Straub! is that the sodium chloride 
diuresis is unaccompanied by any material change in the oxygen 
absorption of the kidney, while that induced by sulphate injection 
shows a marked increase; they interpret the chloride diuresis as largely 
a matter of mechanical filtration, while that from the bayc ace implies 
active work of the secretory cells. 

_ The diuresis from salts may be lessened by partially ‘dniditing 
the ureter, and the excretion of sulphate, chloride, etc., through the 
obstructed uretér has been examined in the rabbit by Cushny® and 
Filehne and Ruschhaupt*, who agree that the chloride falls in 
absolute amount and often also in percentage on this side, while the 
sulphate is less reduced in absolute amount and actually increases in 
percentage. In the experiments of Brodie and Cullis‘ on the ex- 
cretion of the decerebrated dog injected with sulphate, the chlorides 
and sulphates were estimated in only a few experiments, but in these — 
the almost invariable result was that the percentage of chloride is 
1 This Journal, p. 146, 1910. Tbid. xxvm. p. 481. 1902. 


3 Arch. f. d. ges. Physiol. xov. p. 409. 1908. 
* This Journal, xxxrv. p. 224. 1906. 
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higher on the side of greater diuresis, while that of the sulphate is 
lower on this side than on the other; in this respect their results 
confirm those of the workers previously cited’, _ 

Another method of counteracting the diuretic action of the salts 
is to compress the renal artery. This has been employed by Cushny, 
who found that the diuresis practically ceased when the volume of the 
kidney on the compressed side was reduced to the normal; that is, 
when the blood supply of one kidney was unchanged by the injection 
of the salts, the diuresis was trifling compared with that on the other 
side. No examination of the rate of elimination of the salts has been 
made when the diuresis is thus reduced, and it seemed that some light 
might be thrown on the process of secretion by experiments in which 
the excretion of the salts under ordinary diuresis was compared with 
that when the sulphate and chloride were in excess in the blood, but 
the actual secretion was limited. We have therefore carried out a 
number of experiments in which diuresis was induced by the injection 
of salines, but was limited on one side by compression of the renal 
artery. The fluid and the salts excreted were collected separately on 
the two sides and estimated. 

- All our experiments were performed on rabbits which were 
anssthetised with urethane, or, when urea was to be estimated, with 
paraldehyde; the animal was kept in the dorsal position upon a 
warm holder shaped so as to give support to the abdominal walls. 
A cannula was tied in the jugular vein and attached to a burette 
_ provided with a Mariotte’s tube, filled with the salt solution. The salt 
solution injected was a mixture of equal quantities of normal solutions 
_ of sodium chloride and of sodium sulphate, or urea. After laparotomy 
the left renal artery was isolated from the vein and nerves and a 
ligature tied round it loosely, so that the blood-flow was not impeded. 
One end of the ligature was led through a fine glass tube fixed 
perpendicularly above the artery to a screw, so that by turning the 
latter the artery.could be compressed. Ureter cannulae were inserted 
into both ureters, and the urine from each kidney was collected 
separately. When the urine, after the infusion of the salt solution, 
commenced to increase, the artery was compressed, so that the urine 


1 In a considerable number of their observations Brodie and Cullis found that a 
slight resistance to the flow of urine through one ureter increased the secretion on the 
obstructed side ; they regard this as evidence that the kidney is directly stimulated by the 
pressure, but they fail to exclude the possibility that the pressure in the ureter may have 
caused a reflex change in the blood supply to one or other kidney. 
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from. this side lessened markedly, and the arine from each side was 
collected at intervals for several hours. — 

The quantity of the urine was estimated by weighing. The chloride 
content was determined by Volhard’s method, the sulphate: by weighing — 
as barium sulphate, and the urea by Plimmer’s urease method’. 

In the first series of experiments a mixture of equal parts of 
standard sodium chloride solution and standard sodium sulphate 
- golution was infused into the jugular vein. The results in a series 

of six experiments were of the: same character and are —" 
in Exps. I and IZ. 

The result in these experiments i is as follows :— 

On both sides the urine begins to increase within a fow minutes 
of the commencement of the saline injection, and to decrease after 
its termination. The total amounts of the chloride and the sulphate 
augment on both sides with the increase in the water and diminish © 
with its decrease. 

urine was considerably less in volume than on the right, and the total 


"chloride and sulphate excretion was also smaller on this side. But the 


diminution in fluid, chloride and sulphate did not run parallel, as is 
shown by the percentage of salts in the urine. For while the per- 
centage of chlorides is uniformly lower on the side on which the artery 
was compressed, the percentage of sulphate is uniformly higher on this 
side. Towards the end of the experiment, when the compression had 
less effect on the volume of the urine, its influence on the relative - 
amount of chloride and sulphate also diminishes, so that in the last 
estimation of Exp. I the percentage of chlorides and sulphates on the 
two sides is almost equal. ; 
In these experiments the blood reaching each kidney was identical 

in quality and differed only in quantity. The same degree of hydraemia 
and the same excess of salts were present on the two sides, The blood- 
pressure was presumably lower and the renal volume less on the left 
side, and possibly the oxygen supply was less sufficient also. The 
consequence was largely diminished secretion of water, a still more 
_ marked fall in the chloride, while the sulphate excretion fell less than 
the water and still less than the chloride. 

_ The secretion of the kidney is thus changed by diminished blood 
flow in the same way as by obstruction in the ureter, and in both the 


Biochem. Journ. vant. p. 70. 1914. 
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excretion of the sulphates appears to be controlled by some different 
_ factor from that determining the secretion of water and chloride. 
In a second series of experiments the rabbits were anwsthetised 
with paraldehyde, and sodium chloride and urea were injected into 
the vein (see Exp. ITI). 

In this experiment the compression of the artery appears to have 
been effective only from 2°85 onwards. On the compressed side the 
fluid of the urine, the chlorides and the urea were all reduced con- 
siderably. The fluid fell more than either of the solids estimated 
however, so that the percentage of both chloride and urea was higher 
on the left side than on the right. The urea therefore resembles the 
sulphate of the first series in so far as it is excreted in larger quantity 
than the fluid; but this series differs from the first in that the chloride 
also rises in percentage on the side’ with the limited blood supply. 
Here again the results resemble those obtained by Cushny in ex- 
periments in which the ureter was compressed on one side, and a 
mixture of urea and chloride was injected. . There is thus a difference 
in the effects of sulphate and urea, when the urinary secretion is 
diminished either by compression of the artery or by obstruction of 
the ureter; for in the sulphate experiments the percentage. of chloride 
is very low, while in the urea experiments it may be higher than on 
the side on which the volume of urine is normal. 

A similar difference in the behaviour of chlorides to sulphates aa 
urea is seen in experiments in which no attempt is’ made to lessen the — 
renal secretion. It may be due to the sulphate being less able to 
permeate the cells of the tubules and thus retaining a larger proportion 
of water than the more readily absorbed urea. Loewi* and Sollmann® 
found that nitrate, iodide, and sulpho-cyanide also have less effect in 
reducing the chloride of the urine than sulphates and phosphates, so 
that they resemble the urea in our experiments. : 
The effects of diminishing the blood supply to the kidney are St 
similar to those of obstruction of the ureter in regard to the excretion 
of sulphates, urea, chlorides and water. In both cases the changes 
may be ascribed to partial inanition and consequently diminished 
activity of the secretory cells, if it be accepted that a special vital 
process presides over the secretion of each constituent of the urine. 
The question may arise, however, how the cells secreting sulphate 


1 Gushny. This Journal, xxvn. p. 429, 1902. 
* Arch. f. exp. Path. u, Pharm. xuvm. p. 410. 1902. 
¥ Amer. Jour. of Physiol. rx. p. 425, 1903. 
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and urea suffer so much less than those that get rid of water and 
chloride; for the excess of chloride constitutes as great a departure 
from the normal condition as the excess of these other constituents 
and under normal conditions arouses the renal cells to similar activity. 

The results of these experiments are equally compatible with the 
view that both the fluid and salts of the urine are filtered through 
Bowman's capsule and that their final concentrations in the urine are 
determined by a process of reabsorption of some of the constituents 


of this filtrate in their passage along the tubules. For when. the — 
ureter is obstructed the flow along the tubules is slower and more of © 


the filtrate is absorbed. Similarly when the blood-pressure and blood 
supply were reduced in the left kidney in our experiments, a smaller 
amount of the blood: fluid would be filtered through the glomerulus, and 


this must pass more slowly through the renal tubules and thus be | 


exposed for a longer time to the process of absorption. If then the 
chlorides and water permeate the tubule cells with greater ease than 
the sulphates, more of the former will return to the blood, and the 


urine on the affected side will contain a higher percentage of sulphates — 


than that of the normal kidney. The chlorides fall more than the 
fluid, because a certain amount of the latter is retained owing to 


the presence of the unabsorbed sulphates. In each case the passage 


along the tubules is slower—in the first, through increased resistance 


in front, in the second, through diminished supply from the glomerulus. — 
The character of the urine in these experiments with .compression 
of the artery is in fact the same as that in experiments with com, 
pression of the ureter, and the common factor is the slow passage 
of the glomerular fluid through the tubules, which permits of a more ~ 


prolonged action of the tubular epithelium on it, 

Another view advanced by Frey accepte filtration in the glome- 
rulus of water and the chlorides and similar salts and their reabsorption 
in the tubules, but demands in addition a specific secretion of the 
sulphates and other substances by the epithelium of the tubules. This 
is also compatible with our results, if one assumes that the secretory 


epithelium is less affected by the restricted blood supply than the. 


glomerulus and thus continues to excrete sulphate in considerable 
quantity while the glomerular filtrate is reduced in quantity. Simi- 
larly, in partial obstruction of the ureter the tubular cells might be 
supposed to continue their secretion while the glomerular filtrate is 


diminished by reabsorption and the relative concentration of — | 


therefore increases. 
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- But if glomerular filtration plays a part in urinary secretion, it 
must not be selective filtration, but a passage of practically the whole 
of the non-protein constituents of the plasma: otherwise the blood- 
pressure would be. insufficient to overcome the osmotic pressure of the 


unfiltered erystalloids if these were present in anything but traces; and — 


Cushny found ‘25 p.c. of sulphate in the serum during sodium wilphate 


_ diuresis, which is sufficient to arrest all filtration unless the sulphates 


are included in the filtrate. 
Barcroft and Straub consider that the chloride diuresis 
without actual work by the kidney (te, by filtration), but they conclude 


‘that reabsorption does not occur in the tubules, and that sulphate 


diuresis implies active secretion. But if the chloride of the urine 
escaped from the blood by filtration, it could only be present in the 


game concentration as in the serum or in a lower concentration. 


On the whole the view that the glomerular filtrate is modified 
by selective absorption in the tubules appears to offer the simplest 
explanation of the results of these experiments, and to be compatible 
with the fact that the urine secreted under compression of the renal 
artery resembles closely that obtained when the flow through the ureter 
is obstructed partially. 

x In a third series of experiments we have measured the excretion 
of chlorides, sulphates and urea from both kidneys together when the 
blood-pressure was reduced by stimulation of the vagus or increased by 
pressure on the abdominal aorta below the origin of the renal vessels. 
An example of these experiments is teen in Exp. IV. The others gave 
similar results. 

~ Here a reduction in the general blood-pressure was accompanied by 
a fall in the volume of the urine and in its content of chlorides, sulphate 


and urea, while a rise in pressure was accompanied by a rise in the 


volume, chlorides, sulphates and urea. These constituents did not 
change in equal measure, however, as is seen by the columns of 
percentages. The chloride percentage fell very slightly during the 
stage of low pressure and rose significantly when the pressure was 
augmented; the sulphate percentage rose when the pressure was low 
and the volume small, while it fell during the diuresis of high pressure ; 
the urea tended to follow the sulphate but in much less marked 
fashion. The behaviour of the three solids is exactly what might be 
expected from the experiments of Series I and II, and is susceptible 
of the same explanation. When the blood-pressure is low the glo- 
merular filtrate is reduced, and passing through the tubules more 
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slowly is exposed to greater absorption by the epithelium, and the 
more diffusible chlorides eed the water are taken up in some quantity. 
The less diffusible urea disappears in smaller quantity, while the 
sulphate i is rejected for the most part, and therefore appears in the urine 
in greater concentration than any of the other constituents. When 
the blood-pressure is increased and the glomerular fluid is filtered in 
larger quantity, the quicker passage through the tubules gives less 
opportunity for absorption; more fluid and chloride reach the ureter 
therefore, and though the sulphate and urea are also increased in — 
actual quantity, their percentage is lower. This relatively greater 
increase in the more absorbable constituents during diuresis has been 
described already by Loewi. Our experiments serve to demonstrate 
further that if the diuresis be opposed, the chloride excretion falls 
also even when chloride is pees in considerable excess in the blood 
and tissues, 


SUMMARY. 

In experiments in which saline diuretics are injected intravenously 
but in which the diuresis is limited on one side by compression of the 
renal artery, the reduction of the volume of the urine on that side is 
accompanied by a reduction in the chlorides, which is greater under 
the sulphates, and less under urea than the reduction of the fluid. — 
The urea excretion is less affected and the sulphate still less by the 
reduced circulation in the kidney. When the general blood-pressure 
is lowered by vagus stimulation the excretion of water, chlorides, 
sulphate and urea in the urine shows the same changes as occur on one 
side when the renal artery is compressed. | 

The changes in the urine arising from diminished circulation in one 
kidney resemble those observed when the ureter on one side is partially 
obstructed, They are compatible with the view that the glomerular 
filtrate is subjected to selective absorption in its passage along the 
ureter, 
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THE FATE OF FATTY ACIDS IN THE SURVIVAL 
PROCESSES OF MUSCLE. By GEORGE WINFIELD, 
_ Downing College, Cambridge (George Henry Lewis Student). 


(From the Physiological and Biochemical Laboratories, Cambridge.) 


It does not seem to have yet been determined, what part if any is 
played by fats in the chemical events which proceed during the survival 
life of an excised muscle. It is known that, in the presence of a 
sufficient supply of oxygen, oxidations take place with the evolution of 
carbon dioxide, and that the oxidations increase when the muscle 
contracts, It is also certain that when the oxygen supply is deficient 
the lactic acid accumulates in the muscles, and, on the other hand, that 
it disappears again when the oxygen supply is restored and the muscle 
recovers from fatigue. 7 

That carbohydrates are utilised during the survival life is also sure, 
at least when the muscle fibres are intact, and, though the exact 
chemical relations between the carbohydrates and the lactic acid of the 
muscles are not yet fully clear, the recent work of Parnas and Wagner« 
supplies cogent evidence for the belief that the latter arises directly or 
indirectly from the former. 

But recognised chemical possibilities have led to the view that lactic 
acid may be an intermediate substance in the course of the metabolic 
conversion of fats into carbohydrates, and we have no right to assume, 
in the absence of any experimental data, that such conversions do not 
occur in the muscle itself, especially perhaps during the process of 
recovery (under the influence of oxygen) from fatigue due to work 
which has involved the partial exhaustion of the carbohydrate store. 

Without any such assumptions it is at any rate interesting to know 
what quantitative share fats may play in the extensive changes known 
to occur in excised muscle, whether it be in connection with those 
chemical events which proceed without the intervention of oxygen, or 
in the oxidations which accompany or follow them. 
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The experiments described j in the present paper involve comparisons — 


of the total non-volatile fatty acids present in excised muscle when 
freshly removed from the body, with the amounts found after varying 
periods of anaerobic and aerobic survival, and under conditions of 
stimulation or of rest. The results as a whole point to a somewhat 
remarkable stability of the fats under all the conditions studied. 


Methods. The work of Fletcher and Hopkins@ made it clear 


that the survival development of lactic acid in the uninjured frog’s 
muscle was dependent on the nature of the gaseous medium in which 


the survival processes took place. In an atmosphere of nitrogen the — 
acid yield reached its maximum in a few hours (depending on the tem- — 


perature) in a curve which approximated to a straight line and showed 
no exponential characters. 

If on the other hand the processes developed in an atmosphere of 
oxygen, the lactic acid formation was delayed, or it may be that the acid 
was removed as formed. Such removal might call afresh on the store 
of precursor from which the lactic acid was derived, and to which the 
survival respiration was due. It seemed likely therefore that this line 
of attack might furnish an experimental technique which would lead 
to the katabolism of further amounts of the precursor, and that by 
_ alternately fatiguing the muscles under anaerobic conditions and then 


restoring them in an atmosphere of oxygen, it would be possible, if fats — 


play an important part in the reactions involved, to effect a change in 


“the total amount of fats present, or in the nature of the fatty acid : 


linkages, as determined by the estimation of the iodine values. 
_ The experiments were therefore carried out to determine 


(1) The percentage amount and the iodine value of the fatty acids 


of normal muscle. 


_ (2) The percentage amount and the iodine value of the fatty acids 
of muscle fatigued under anaerobic conditions. 


(3) The percentage amount and the iodine value of the fatty acids 


in muscle fatigued under anaerobic conditions and then ee by the : 


passage of a current of oxygen. 


The experimental procedure was with slight variations in the | 


- individual experiments substantially as follows : 

As many frogs as would yield a sufficiency of limbs for the proposed 
experiment, were killed by pithing, and left with the circulation intact 
on ‘ice cooled glass plates. After about half an hour, the limbs were 
skinned. and separated from the trunk by cutting across the pelvic 
girdle. They were — shuffled and divided into a sufficient number 
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of sets of ten limb pairs for the experiment, taking care that the sets 
were all of as nearly equal we. zht as possible and also that the muscles 
were kept cold throughout the whole of the manipulations. 

One set was replaced in the ice cooled beaker, and kept until the 
procedure on the other two sets had been completed, after which the 
muscles were cut off the bones and ground with sand and ice cold 
alcohol in a cooled glass mortar. The bones and the attached débris 


were then weighed. A second set was placed in a stoppered Erlenmeyer 


flask, made anaerobic with a stream of hydrogen and placed in an 
incubator at 30°C. The third set was then made intoa long chain by 
fastening the limbs together with wire hooks passed through the feet. 
This chain was suspended i in a long glass tube, in such a manner that 
the muscle chain could be electrically stimulated. The lower electrode 


consisted of a strong spring of iron wire to act as a mechanical resistance 


to the shortening of the muscles. The apparatus also provided for the 
passage of a stream of gas (oxygen or hydrogen as required) and for 
the saturating of the gas with water vapour to prevent drying of the 
muscles. 
_ After they had undergone this deuited treatment. the sets of muscles 
were ground with sand and ice cold alcohdl as in the case of the first set. 
The alcoholic extract was then poured off into a distilling flask, and 
evaporated to dryness in an atmosphere of carbon dioxide. The solid 
matter obtained was transferred quantitatively into a pressure flask 
along with the corresponding muscle débris, and the whole mixture was 
then further dried at a low temperature in vacuo. 

40 c.c. of a 60 Y solution of potassium hydroxide were then added, the 
flask was exhausted at a water pump and placed in a bath of boiling 
water for about four hours. The flask was continuously shaken during 
the first five minutes, and the shaking was repeated at intervals of a 
few minutes during the rest of the saponification. 

The subsequent procedure was in all respects that described by 
Mottram. The fatty acids obtained were dried for about eight hours — 
in a vacuum drying oven at 100°C. and were then weighed. After 


weighing the fatty acids were dissolved in 10¢.c. of carbon tetrachloride 


and the iodine values estimated by Wij’s method. ‘The details ba the 
experiments are given below. 


Exp. I. This experinent was shore, in wf it rane forth 
normal musele. 


“Muscle “he Fatty 
weight 
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174 “WINFIELD. 
Exe. Il. This experiment was a simple pair of estimations, » control of the normal 


muscle and a set of muscles which were kept in the incubator in an atmosphere of 
hydrogen until in the condition of full rigor hours). 
= 
Control 42°7 0°3389 0°782 127 
Rigor 47°6 0°8620 0°760 96 


nutrition of the frogs had any effect on the fat metabolism, since it.seemed possible that 
a reduction of the carbohydrate stores would be followed by an increased call on the fat 
stores to supply the energy necessary for the muscle metabolism. To test the point 


twenty-four freshly caught frogs were kept without food for a week in a glass tank in a 
room of which the temperature was about 20°C. The frogs are extremely active at this 


_ temperature and the store of carbohydrate is very rapidly consumed. The livers of the 
frogs (of a total weight of 8°8 gms.), were rapidly excised after death and the glycogen 
estimated by Pfliiger’s method. The amount obtained was very small and if taken as an 


been extremely small. 
The results were as follows : | 
| 
Control 85°2. 0°1845 0°524 148 
Rigor 87°5 0°2055 0°551 146 


mail when the erative of the 
carbohydrate store is considered. | 


Exp. IV. Thirty frogs were skinned and kept on ice. The shuffled sets gave net 
muscle weights of 29°8, 29°2, 30°2 gms. respectively, and are an indication of the closeness 
with which sets can be matched if necessary. Two of the sets were tied on to long glass 


rods in order to maintain comparability of conditions especially that of surface exposed. 


They were then placed in long glass tubes, one in hydrogen, the other in oxygen. The 
one in hydrogen reached a state of rigor in 8 hours; that in oxygen was still irritable 
The figures obtained were : 


= 
Control 01845 0-451 136 
AnaerobicH. 302 0°1282 0-424 166 
Aerobic O. 29°2 0°1291 0-442 159 


"Exp. V, This was» farther development of the series. Instead of the muscles being 


allowed to reach a state of rigor, external stimulation was resorted to. One set of muscles — 
was stimulated in hydrogen and will simply be called the fatigued set, the other was 


stimulated by a tetanising current for the same period in hydrogen and was then recovered 
by passage of a steady stream of oxygen. The data are as follows: 


Stimulated 5 hours, oxygen passed 17 hours, the restored sot then fatigued for { hour, 


and again recovered in oxygen. 
Muscle Ww 
weight 
Control 40° 0-1938 0-477 164 
Fatigued 42-9 0-2286 0-521 161 
‘Restored 42°8 02290 14 
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Exe, This was a repetition of Bxp. V. 


Control 41-0 0-2040 0-498 141 
Fatigned 48-1 0-2284 0-580 188 
Restored 44-4 02251 0-507 141 


- Exp. VIE. A farther repetition of Exps. V and VI, except that the fatigue and 

recovery processes were more prolonged and thorough. The muscles were first fatigued in 
164 hours, the oxygen rapidly blown out with 
a stream of air, which was then replaced by hydrogen, and the muscles tetanised afresh 
for 24 hours. Oxygen was then passed for 24 hours, removed in its turn, and the muscles — 
tetanised a third time in hydrogen for 4 hour. Se 


nie 
Control 2587 0-6000 136 
Fatigued 417 02602 0-622 
Restored 0-2181 0-545 


Exp. VIII. The muscles were fatigued in air, which Hopkins and Fletcher have 
shown acts as an indifferent gas to the muscles. Time of stimulation 5 hours. Recovered 
5 hours without removing the oxygen. 


Control 84°9 0°1721 0-500 145 
Fatigued 872 01925 0°517 132 
Restored 


86°6 0°1975 0°540 147 


_ The study of the average values of all the similar sets may yield 
results of greater value. The data from the a experiments have — 


therefore been collected below. 
Mean of all controls 0°61 
Mean of controls V, VI, VII, VIII | 3 0°519 
Mean of anaerobics V, VI, VII, VIII ~ 0°647 
Mean of restored V, VI, VII, VIII 0526 
Todine values 
Mean of all controls 148 
Mean of all anaerobics, rigors and fatigued j§ 138 
_ Mean of controls V, VI, VII, VIII 146 
Mean of anaerobics V, VI, VII, VIII 140 
Mean of restored V, VI, VII, VIII 145 


It will be seen that there is no evidence for any diminution 
of fat during the survival period. In Exp. IV a set of muscles 
— 24 hours oe of oxygen and the observed loss 
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in non-volatile fatty acid amounted to less than 2 °/, of the whole, 
a variation which is within the limits of experimental error. The 
observations of Wagner and Parnas show that under these con- 
ditions a considerable amount of carbohydrate disappears. When the 
muscles are stimulated to fatigue under anaerobic conditions there is, 
on the other hand, a: small but consistent rise in the fatty acids, 
amounting on the average to 5°/, of the original fat content, but 
in the case of Exp. V being as great as 8 °/,. Iam unable to explain 
this phenomenon, if it be real, but it may be noted that Leathes 
obtained a similar rise in an experiment to be mentioned later. What 
does come out clearly in my own observations is that under the’ con- — 
ditions of survival life; in which lactic acid is known to be produced 
and carbohydrate to disappear, there is no diminution in fat. The 
latter can play at the most a very small _ in those processes of 
which lactic acid is representative. 

The bearing of my results on the question of the oxidation of fats 
in muscle, and especially upon the specific question as to whether fats 
can serve as a direct supply of energy for contraction, must probably be 
discussed with some caution. That fat when supplied to the intact animal 
can directly or indirectly act as a source of muscular energy cannot of 
course be doubted. The calorimetric and respiratory studies of the 
Zunutz school, as also those of Atwater and Benedict, seem to establish 
the fact that muscle can use fat directly, or at least that no processes 
involving a wastage of energy precede the utilisation. The recent 
work of Otto Porgesw, whose experiments showed a sharp rise in the 
respiratory quotient of animals, as a result of shunting the liver from 
the circulation, was held by their author to support the views of 
Chauveau and Seegen, and to prove that the fat is only used by muscle, 
after its conversion (in the liver) into carbohydrates. But these con- 
clusions have been much criticised, and the weight of opinion remains 
in favour of the view, that fat is directly utilised by the muscle fibre. 

It is perhaps therefore somewhat remarkable that the fat in an 
excised muscle should remain during survival life so stable in amount, 
especially as in Exps. V, VI, VII, VIII in which the organs suffered 
prolonged stimulation, and must have performed, because of the con- 
ditions which obtained, what was certainly a considerable amount of work. _ 
In Exp. III the muscle fat remained constant in spite of what was y 
probably a deficiency in carbohydrate. 

It has indeed to be remarked as Zuntz has pointed on that datas ; 
hydrate apparently alone among the foodstuffs can supply energy by 
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-guffering an anaerobic non-oxidative breakdown. The fact that even in 


a normal intact animal strenuous exercise involves a relative deficiency 
of oxygen for the muscle fibre, is, in the opinion of Zuntz, the one 
and only circumstance that gives a special and favourable stamp to 
carbohydrate as a source of muscular energy. The supply is inde- 


pendent of oxygen. 


It is not surprising then that when muscle contracts anaerobically, 
no fat is used; and although the experiments of Fletcher@, and of 
Fletcher and Hopkins@, have shown that an atmosphere of oxygen 


_ can largely replace in an excised muscle the oxygen supply of the 


circulation, yet it is possible that during tetanus the greater part of the 
fibres even when the muscle is in pure oxygen suffers a marked oxygen 


deficiency. This in itself would favour the use of non-oxidative sources 


of energy rather than the oxidation of fat. 
Nevertheless as Fletcher has shown, the excised frog’s nisasale 
when made to contract in pure oxygen yields an increased amount of 


carbon dioxide more or less proportionate to the rate and vigour of 


contraction, so that oxidative processes are by no means in abeyance. 
Moreover small amphibian muscles when quiescent in pure oxygen 
seem to obtain a fully normal supply, as shown by the carbon dioxide 
output, the continued restraint. of the lactic acid accumulation, the 


prolongation of irritability, and the final absence of rigor. Yet in 


muscles so conditioned, while —s disappears, fat seems to 


remain stable. 


As it is generally held to be proved that the materials burnt in 
an active muscle are not qualitatively different from those utilised— — 
under the same conditions—by a quiescent muscle, my observations as 
a whole seem to indicate that fats differ from the carbohydrates in 
availability for the direct supply of muscular energy. : 

It might be argued that for some reason the absence of a circulation 
affects the local mobilisation of fat more than that of carbohydrate, and 
perhaps further studies are necessary before such considerations can be 
put on one side. But studies on excised muscles have, in other con- 
nections, so largely proved themselves to bear on normal phenomena 
that I think that the results of my experiments must at least be 
ranged with whatever other evidence is in favour of the view that fat, 
though used by the intact animal as a supply of muscular energy, is 
used: indirectly and after proliminary changes occurring outside the 
muscle... 

— do not it is true refer to the fate of the volatile 
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fatty acids; but if a change én situ from fats of a higher to those of a 
lower molecular weight precedes actual utilisation by the muscles— 
t.¢.if the volatile acids are oxidised and the non-volatile acids not—one 
would expect that during survival life the consumption of the former 
would upset the equilibrium of the latter, and that some diminution 
in these would be observed. _ 

There appear to be only two references in literature to experiments 
of a similar nature to mine. Leathes@ describes experiments in which 
the “sciatic nerves have been divided, and one of them tetanised for 
some hours, and the fat in the corresponding muscles on both sides 
compared. But no evidence for the immediate consumption of fat in 


muscular activity has been obtained in this way.” Indeed in one experi- 


ment of this kind “I found that there was rather more fat, reckoned in 
percentages of the dry substance, than on the side that had been kept at 
rest.” Bogdanows@), at the suggestion of Zuntz, carried out a few experi- 
_ ments with muscles in situ, in order to determine whether fat is reduced 
as the result of activity. Some of the observations were histological 
and gave inconclusive results. Comparative estimations were made 
upon the muscles of two rabbits, one killed directly, and the other after 
prolonged cramps induced by strychnine. The fat, easily removed by 
ether, was distinguished from that requiring long extraction with the 
following results, in percentages of the dry muscle substance : 


Extracted Extracted Extracted — Extracted 
: 24 hours 12 hours 7 days 12 days 
Normal 1°67 0°37 0°38 0°23 
Strychninised 329 0°176 026 


I give the figures of this experiment because it has been sometimes 
quoted as evidence that fat disappears from contracting muscles. But 
the experiment is clearly wholly inconclusive. The two muscles are not 
in any way comparablé and the strychninised muscle actually yielded 
a total of 415 °/, of fat, against a yield of 2°65 °/, from the fresh 
muscle. The difference in the small yield of the — extraction 
period seems to have little meaning. 


SUMMARY. 


the fat content of amphibian muscle during the metabolic changes 
occurring in the survival period, which would be sufficient in amount to 
account for the — the wanes is enews to be 
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The fat contents of the uninjured muscles have been investigated : 


(1) During simple rigor under anaerobic conditions. | 
(2) During prolonged stimulation under anaerobic conditions. 
(3) During prolonged stimulation under anaerobic conditions 


followed by restoration of excitability by means of oxygen. The 


fatiguing and recovery processes were repeated several times until the 


muscles were thoroughly exhausted. — | 
The fat contents of the normal uninjured muscles were also esti- 


mated. 


I should like to express my deep sense of indebtedness to Professor 
F. G. Hopkins for his kind help and interest. 


The of thin work wore defrayed by rant fom the Government Grant 
Committee of the Royal Society. 
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_ON THE OCCURRENCE OF A PLASTIC FLEXOR TONE 


IN. THE MONKEY. By T. GRAHAM BROWN. | 


, (From the Laboratory of Eaperimental Physiology of the 
University of Manchester.) 


SHERRINGTON! has shown that in the state of cataleptic extensor 
rigidity which makes its appearance in the cat after the operation of 
decerebration the extensor muscles of the limbs exhibit a tonic 
contraction which has a curious quality of plasticity. One of the 


conditions of the appearance of this state is the integrity of the pro- — 


prioceptive afferents from the limb muscles themselves, and decerebrate 


rigidity must be regarded as a static reflex—indeed sieiaiaes ac on looks 


upon it as “ reflex standing*.” 


If the extensor muscles have entered into this state they arein a 
condition of tonic contraction, and the limbs are usually strongly | 


extended. After passive interference with its posture, however, the 
limb does not at once spring back into its original condition of extension. 
When a joint is passively flexed the resistance produced by the tonic 
contraction of the extensors is felt, suddenly to break down and the limb 
may thereafter remain for a time in the posture of flexion into which it 


has been forced. Sherrington found that when the tonic contraction — 


of individual extensor muscles is examined the passive stretching of a 
muscle interferes with that contraction in such a manner that the 


muscle tends to remain in its stretched state; while after passive 


approximation of the ends of the muscle the muscle tends to remain in 


the new shortened state. In other words, if the length of a muscle be | 


regarded as an index of its posture, an extensor muscle in the state of 
decerebrate rigidity tends to remain in any posture into which it is 
passively placed—its state of extensor tone is a plastic one. 

The following experiment seems to demonstrate that in certain 
circumstances a state of plastic flexor tone may occur. 


* This Journal, xu. p. 28. 1910. 


Roy. Soc., B, uxxx. p. 552. 1908. Quar. Journ. Exper. Physiol., u. p. 109. 
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It often happens that when the cortical reactions are systematically 
examined in the monkey there appear from time to time states of 
maintained flexion in the limbs. Sometimes states of maintained 
extension may also appear. These postural states are not confined to 
the monkey with an intact cerebrum under the influence of a chemical 
narcotic. Even in the decerebrate monkey or anthropoid ape there may 
oceur from time to time these curious postures, In such a preparation, 
when the states are compared in the two arms it is usually (or at any 


. rate very often) found that maintained flexion occurs in one arm while 


maintained extension occurs in the other. The posture may suddenly 
change in an arm, or it may disappear more gradually. In the monkey 
under chemical narcosis and with an intact cerebrum the state of main- 
tained flexion seems to occur sometimes synchronously in both arms, but 
at other times in one arm only. When the maintained flexion occurs 
in this preparation the cortical reactions to artificial stimulation are 
relatively inexcitable—sometimes they are abolished; the cerebral cortex 
is often unusually pale‘and bloodless ; the corneal reflex is often absent. 
In one experiment in which various phenomena conditioned by 
artificial stimulation of the “motor” area-of the cerebral cortex were 
being examined this state of maintained flexion of the arm arose and 
the effects upon it of passive lengthening and shortening of the flexor 
muscle were investigated. 
_ ‘The arm in which the maintained flexion appeared was that the 
movements of which in response to cortical stimulation were being 
examined. The narcosis wasdeep. In that arm all the muscles attached 
to: the scapula had been destroyed. So had the muscles which arise 
from the scapula and act upon the shoulder joint, as well as the latissimus 
dorsi and the pectorals. The scapular head of triceps had been divided | 
and the biceps insertion had been cut across. The olecranon process 
was separated from the remainder of the ulna and all the other muscles 
of the arm itself with the exception of supinator longus and the brachial 
parts of triceps were put out of action. Triceps was attached by means 
of a thread (fixed to the separated olecranon process) to a recording 
lever. Supinator longus was the only muscle in action on the elbow 


joint and it also was attached to a recording lever indirectly by a thread 


attached to the arm near the wrist-joint which itself was completely — 
paralysed by the motor paralysis of the muscles which acted upon it. — 
The postures of the two antagonistic arm muscles—supinator longus and 
the humeral parts of triceps—were registered in the usual manner upon 
the blackened moving surface of the kymograph. 

| 12—2 
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In this state of maintained flexion (Fig. 1) it was found that the 
extensor took no obvious part. In contrast to this the flexor muscle 
remained in a state of maintained contraction. When the flexor was — 
passively stretched it tended to remain in the state into which it was 
put. But.this was not, as it were, “dead beat.” If the muscle was 
suddenly stretched it was found that immediately after the stretching 
(which was a short and quick passive act) it contracted somewhat 
suddenly. But this contraction was not long continued and it became — 
ever more slow until the muscle entered into a state of maintained and 
unchanging contraction. The level of this state was considerably below 
that of the state from which it had been stretched. A series of stretches 
applied in this manner served to bring the muscle into an ever lower 
level of maintained contraction. 

Similarly, if the ends of the muscle were passively approximated it 
tended to enter into a higher state of maintained contraction than before. 
The approximation of the ends of the muscle was produced by a passive 
bending of the elbow-joint; and the muscle did. not, as it were, 
completely take in its slack. In consequence of this the record shows a 
fall of the lever immediately after one of these approximations, but the 
fall is soon arrested and the flexor remains in a level of maintained 
contraction considerably above that which it exhibited before the 
passive approximation. In other words, when the flexor is passively 
shortened it tends to remain in its shortened state. If a series of such 
passive shortenings are given the level of contraction (that is, the degree 
of shortening) exhibited by the flexor successively rises. The amount 
by which a given passive shortening of the flexor raises the state of 
maintained contraction appears to be greater the lower the level of 
maintained contraction is at the moment when the passive shortening 
is applied; and the amount by which a given passive stretching of the 
flexor lowers the state of maintained contraction appears to be greater 
the higher the level of maintained contraction is at the moment when 
the passive lengthening is applied. | | 

This experiment therefore appears to demonstrate the occurrence of 
a state of plastic flexor tone which in some of its features at any rate — 
seems to be similar to the plastic extensor tone described by 
Sherrington for the state of extensor rigidity in the decerebrate cat. 
An interesting speculation is raised in the question of the mechanism 
which conditions it, | 
_ Similar states of maintained flexion may appear from time to time _ 
in the arm of the decerebrate monkey, and they may show the same 
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phenomenon of plasticity—although actual records of these have not 
been registered. This seems to show that the mechanism for the 
conditioning of the state lies in the neuraxis below the level of a cross- 
section which passes just in front of (oral to) the anterior colliculi. Se 
The author has shown’ that uni-polar electrical stimulation in the 
monkey of an area coincident with the site of the red nucleus in this 
cross-section givesa reaction of flexion in the arm of the same side and of 
~ extension in the opposite arm; and that these reactions are characterised 
by a very marked after-discharge. In fact the flexion thus obtained in an : 
arm may persist as a maintained contraction of the flexor muscle for 
several minutes after the cessation of the stimulus which evokes it. 
_ These reactions, with their tonically maintained after-discharges, may be 


- obtained on stimulation of this point after the complete removal of the : 


cerebellum ; and it is a legitimate assumption that the red nucleus is 
the centre the activity of which conditions them. a 

It is possible, if not indeed extremely likely, that these states of 
plastic and maintained flexion which occur from time to time in the 
monkey under chemical narcosis and in the decerebrate monkey are 
manifestations of the activity also of the red nucleus. Perhaps wal ; 


1 Proc. Roy. Soe., B, uxxxvit. p. 146, 1918, 
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ON THE EFFECT OF ARTIFICIAL STIMULATION OF 


THE RED NUCLEUS IN THE ANTHROPOID APE. | 
BY T. GRAHAM BROWN. 


University of Manchester.) 


Tar author has previously shown that stimulation of certain stints in 


the cross-section of the mid-brain at the level of the anterior colliculi 
in monkeys yields characteristic reactions'. The small areas from 
which these reactions may be obtained lie on either side of the mid-line 
some millimetres ventral to the neuraxial canal (aqueduct of Sylvius). 
It appeared that the area might correspond with the anatomical position 
of the.xed nucleus (or perhaps with that of the posterior longitudinal 
bundle). The reactions obtained proved to be evoked with regularity 


in different individual monkeys and to present certain definite char- _ 


acteristics. Thus stimulation applied to this area of the cross-section 


_ of the mid-brain on one side evoked a state of flexion in the arm of the 
same side and a state of extension in the arm of the opposite side. On 


cessation of stimulation these reactions are continued as maintained 


postures, The movements of the arms are accompanied by movements 


of other parts of the body. The tail seems to bend to the same side ; 
the lower limb of the same side extends while that of the opposite side 
flexes; the head is rotated in such a manner that the face is turned 


away from the side stimulated. Such at any rate seem to be the usual 


postures assumed. 
- Last summer an opportunity presented itself for the examination of 
these reactions in the decerebrate chimpanzee. The animal was a large 


‘one, but it was thin and in a bad and dirty condition. It must be 


noticed, however, that monkeys in bad condition often give the best 


experimental results, and in the case of this ape certainly the results 
obtained for various observations extending over many hours were 


good. 
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After amputation of the left hand at the wrist and motor paralysis 
of all the muscles acting upon the left shoulder and elbow, with the 
exception of supinator longus and the humeral parts of triceps (the 
scapular head of which was cut across), these two muscles were arranged 
separately for the recording of their movements on the double myograph. 
Their origins were firmly fixed by means of strong steel rods drilled into 
the head of the humerus and through its lower end. Stimulation of 
the areas investigated was carried out in the uni-polar method—the 
large indifferent electrode being applied to the sole of the right foot. 

Decerebration; which was performed ‘after the animal had been 
under a chemical narcotic for about 6 hours and 50 minutes, was first 
done at a high level for another purpose. A second decerebrating 
lesion was made 35 minutes later in such a manner that the neuraxis 


was cut across about 3 mm. above'the.anterior colliculi. ‘The plane of ; 


section was not quite at right angles to*the longitudinal axis of the 
nervous system. The effects of stimulation of the points in the cross- 
section of the neuraxis were examined about 14 hours after the cessation 
of the chemical narcosis. The animal was of course kept completely 


unconscious throughout the whole experiment and until it died at the 


termination of it. 


When the effects of stimulation of points near the red nuclei on the 


cross-section of the mid-brain were tested it. was found that the contra- 
lateral reaction (that evoked in the left arm muscles on stimulation 
applied to the red nucleus point on the right side of the cross-section) 
was one of flexion, and that the flexion was. maintained after cessation 


of stimulation (Fig. 1). Stimulation of the corresponding ipsilateral — 


point gave a much larger flexion reaction, and this also was maintained. 
A second stimulation which was applied to the contralateral point 
during this after-discharge of the ipsilateral reaction had no effect 

_In this case the ipsilateral flexion reaction is “normal” but the 
contralateral flexion is not the usual reaction. In the monkey contra- 


lateral extension is the rule. It is possible that the uni-polar electrode _ 


was applied too near to the mid-line and that the strength of stimulus 


used was too great—so that a “spread” effect to the ipsilateral red 


nucleus occurred and overbore the true contralateral extension reaction. 


It is also possible that a true contralateral flexion reaction sometimes 


occurs. In the monkey bilateral extension of the arms may. sometimes 
be obtained on stimulation of a point on the surface of the cross-section 
of the mid-brain external to the area-of the red nucleus. 
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Fig. 1. Decerebrate chimpanzee, Troglodytes niger. A record obtained about 55 minutes 


after decerebration. In this record the stimulus is first applied (K-L, A) to the 
contralateral red nucleus on the cross-section of the mid-brain at (or a little in front 
of) the anterior colliculi. The reaction obtained is one of contralateral flexion—as 
is shown by the contraction of a flexor muscle (upper myograph line). On cessation 
of stimulation (at L—1, I’) there is seen to remain a state of maintained flexor 
contraction. The stimulus is then applied to the ipsilateral (left) red nucleus— 


- G-H—and a similar flexion reaction, but of greater extent, is obtained. This is 


followed by a well-marked flexor after-discharge during which a second stimulation 


_ of the contralateral red nucleus—K-L, B—has no further effect. 


In this and in the succeeding figures the upper myograph line registers the 
movements of a flexor muscle in the left arm—supinator longus. The lower myograph 
line similarly registers the movements of an extensor—humeral parts of triceps. The 


_ vise of the curve denotes contraction and the fall relaxation of the muscle, The 


signal line gives the relations of commencement and termination of stimulation. — 


‘These points are marked with the letters K and L for stimulation of the contra- 


lateral (right) red nacleas, and @ and H for stimulation of the ipsilateral (lett) 
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the flexor myograph line and k, ! and g, k for the extensor myograph. Where, in s 


record, the stimulus is applied more than once to the same point the successive : 
stimulations are marked A and B or I and II. The strength of stimulus used is 
marked below the signal line—for instance, “8000 x.v.” in the present figure. This 


seale is reduced in reproduction in the same proportion as the record iteelf. The 


ordinates drawn at the beginning and end of each record for the two myograph lines 


are accurate and synchronise with the marks at the beginning and end of the signal — 


line. The ordinates drawn in the record to mark the time relations of the commence- 
ment and termination of stimulation are not necessarily correct, bat may be corrected 
by reference to the others. They are drawn after the end of the experiment and, as 
the long paper may slip upon the drums of the kymograph, small inaccuracies may 
occur—although stepe are taken to correct these small errors as far as is possible. 


_ Five minutes after this first test of the red nucleus points they were 


again stimulated (Fig. 2). The contralateral stimulus now gave an 


exceedingly sharp relaxation of the maintained flexor contraction which 
was in being at the time of its application, and this relaxation was 
accompanied by a marked extensor contraction. On cessation of stimu- 
lation there was a sharp relaxation of the extensor contraction and a 
contraction of the flexor—in other words there was a flexion “ rebound ” 
phenomenon. Six seconds later the ipsilateral red nucleus was stimu- 
lated and the reaction evoked consisted in a flexor contraction which 


persisted as flexor after-discharge on cessation of stimulation. About 


five seconds later the contralateral red nucleus was again stimulated and 
there occurred as before a sharp relaxation of the maintained flexor 


contraction and @ contraction of the extensor. On cessation of stimula- 


tion this-contrattion did not at once pass into a sharp relaxation as was the 
case in the response to the first contralateral stimulus, but slowly fell. 
This slow fall of extensor contraction was accompanied, about 2°5’’ after 
the cessation of stimulation, by a slow rise of flexor contraction. 


A final stimulus applied to the ipsilateral red nucleus now evoked 


extensor contraction (Fig. 2). | 
Three minutes later these observations were repeated with a less great 


strength of stimulus (Fig, 3). The contralateral reaction now was still one 


of extension—extensor contraction and flexor relaxation—but on cessation 
of stimulation the extensor after-discharge was much better sustained 
than before. The ipsilateral reaction consisted in flexor contraction and 


extensor relaxation, and it was followed by flexor after-discharge, In 
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190 GRAHAM BROWN. 
- fact the two reactions at this point in the experiment may be regarded 
as typical. A second stimulation of the contralateral red nucleus was 


2 accompanied and followed by the same effects as before, but the initial 
| extensor contraction was @ much sharper movement (Fig. 3). 


Fig. 8.. chimpanzee, Troglodytes niger. from the same experiment 
e: as the two preceding figures and obtained three minutes after that reproduced in 
2. ‘The strength of stimulus here used (2000 x.c.) is less than before. 
Be ge oe In this record the stimulus is first applied to the contralateral red nucleus 
(K-L, I). The reaction is one of extension and is better marked than before, It 
is succeeded by an after-discharge of maintained extension which for about 4” 
rane is retained at a high level and then gradually falls. The ipsilateral red nucleus is — 
then stimulated (G-H) and gives reaction of flexor contraction and extensor 
relaxation, On cessation of stimulation there is first a rapid fall of flexor contraction 
but this is soon arrested and there then persists a certain degree of maintained flexor 
 after-discharge. This is relatively and absolutely much less than the flexor after- 
discharges in the two preceding figures. Finally the contralateral red nucleus ie 
again stimulated (K-L, II). There again occur extensor contraction and flexor 
a relaxation. The latency of these movements is much shorter than before, and they _ 
“Ne ane ~ appear to be sharper. The extent of extensor contraction is, however, less—but it 
be noted that the duration of the period of stimulation is here comparatively 
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Fig 4. Decerebrate chimpanzee, Troglodytes niger. A record obtained in “the same 
experiment as the preceding figures and three minutes after Fig. 3. 
Bi 7 In this figure the contralateral red nucleus is first stimulated (K-L). The 
onds. oe  feastion, as before, is one of extensor contraction and flexor relaxation. 
extensor contraction is greater in extent than before, and in fact the extensor lever 
came into contact with that of the flexor. The extensor lever was carried off the 
recording surface but its line ran parallel to that described by the flexor lever (under 
this interference) from the point at which the extensor myograph line strikes the 
) oe abscissa of the flexor myograph to the point at which the extensor again records 
eae near g’. On cessation of stimulation (L—1, /’) there is a very well-marked maintained 
A extensor after-discharge, The ipsilateral red nucleus is then stimulated (G—H). 
* There is a reaction of flexor contraction and extensor relaxation during the period of 
stimulation, but it will be observed that on cessation of stimulation (at h, W’) there 
rebound.” 
| These four figures therefore demonstrate ® series of red nucleus reactions which 


4 _ show variations in the relative values of flexion and extension from reactions in 
ae _ which flexion seems to preponderate to reactions in which extension does—the 
i. relative preponderance of one or other of these factors being perhaps most clearly 
exhibited in the various terminal phenomena seen on cessation of the evoking 
stimuli. 
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192 T. GRAHAM BROWN. 
After another three minutes the points were again stimulated (Fig. 4) 


with the same strength of stimulus as in the immediately preceding 


observation. The contralateral reaction showed the same features as 
before but the height of extensor contraction attained was greater than 
that in the preceding observations and the extensor after-discharge 


which persisted after cessation of stimulation was much better sustained. 


In the immediately preceding observation the extensor after-discharge 
remained at a height of extensor contraction equal to or greater than 
that during the application of the stimulus for about 4” and then slowly 
fell until, 5” later, it was about half its initial height, In the present 
observation the extensor contraction in after-discharge showed no sign 


of fall for the 5” which intervened before the ipsilateral red nucleus was — 


stimulated. Stimulation of the ipsilateral red nucleus was accompanied 
by a slow fall of the extensor contraction then in being and a slow rise 
of flexor contraction. At the point of withdrawal of the stimulus there 
_was a sharp flexor relaxation accompanied by a well-marked extensor 
“contraction—in other words, an extension “rebound” phenomenon 
4). 
= a final series of stimulations a point of interest was noticed. 
Stimulation of a point in the cross-section of the contralateral pyramidal 
tract was accompanied by flexion of the arm—cessation of stimulation 
being followed by sharp flexor relaxation as is usual in these pyramidal 
tract reactions. When such a reaction was evoked against a background 
formed by the maintained extensor contraction of the after-discharge 


from the contralateral red nucleus reaction there was no interference 
_ with the extensor contraction during the period of the application of | 


the stimulus; but a sharp relaxation of the maintained extensor con- 
traction occurred immediately on withdrawal of the stimulus, This 
observation is curious in view of the post-stimulatory abolition of the 
maintained flexor contraction of the ipsilateral red nucleus reaction 
observed under the same circumstances in the monkey’. 

These observations on the effect of stimulation of the red nucleus 
by the uni-polar method in the chimpanzee seem on the whole to 
correspond with the observations in the monkey. The usual contra- 
lateral reaction appears to consist in a movement of extension (extensor 
contraction, flexor relaxation) of the arm during the period of stimulation, 
and of a maintenance of this extension after the cessation of the 


stimulus. The ipsilateral reaction appears usually to consist of a move- 
ment of flexion (flexor contraction, extensor relaxation) of the arm 


1 Proc. Roy. Soc., B, uxxxvu. p. 145. 1918. 
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daring stimulation and of a maintenance of this flexion after the 
cessation of the stimulus. : 

But variations.of these usual occurrences sometimes are seen. Thus 
in certain circumstances the contralateral reaction may be one of flexion, 
and then the ipsilateral flexion reaction also occurs and is unusually 

well marked, Even when the contralateral reaction is one of extension 
during the period of stimulation there may be no maintenance of this 
after cessation of the stimulus. There is then a sudden relaxation of 
the extensor contraction and a well-marked flexor contraction—in other 
words, no maintained extensor after-discharge but a flexor rebound 
. contraction of maintained form. When this occurs the ipsilateral — 
reaction still exhibits well-marked flexion phenomena. In other cases 
there may be badly-marked maintained extensor after-di on 
cessation of stimulation in the contralateral reaction, and this may yield 
place to flexor contraction. In such. cases the flexion of ipsilateral — 
reaction is perhaps not so well marked as before but there is still a good © 
after-discharge of flexor contraction. Finally the contralateral reaction 
may consist in well-marked extension during stimulation and, on with- 
-drawal of the stimulus, an after-discharge of extensor contraction which 
is extremely well maintained. When this is the case the ipsilateral — 
reaction may not be followed by a flexor maintained after-discharge 
but actually by a relaxation of flexor contraction and a maintained 
extensor contraction. Finally in some cases the ipsilateral reaction — 
appears to be one of extension and not the usual flexion phenomenon. 
In the present experiment all these different variations (with the 
exception of the last) were observed in the above order. During the 
course of the experiment the strength of stimulus was once changed, 
‘but this change can hardly be regarded as the sole condition of the 
variation of results. In the different observations approximately the 
same points on the cross-section of the mid-brain (red nuclei areas) 
were stimulated. Yet at the beginning of the series of observations 
flexion phenomena, and at the end of them extension phenomena, 
preponderated. A physical change concomitantly took place in the 
preparation of the mid-brain. At the commencement of the series it 
had been well protected from its surroundings by pads of warm moist 
cotton-wool. ‘During the series of observations it certainly cooled, 
although precautions were taken to avoid this cooling as far as was” 
possible.-- Apart from this, the experiments were made at the end of a 
long experiment. The animal actually died about half an hour after the 
last of them. 
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194 T. GRAHAM BROWN. 
In any case the change during this series of observations from 


reactions which exhibit a preponderance of flexion to reactions which — 


exhibit a preponderance of extension is one of interest. We may grant 

that the main effect of the stimulation of one red nucleus isa movement 

of flexion in the arm of the same side and a movement of extension in 

the opposite arm—these movements, having attained their maximum, 
tending to be maintained long after cessation of the evocative stimulus, 

It is possible to explain the variations in the results here oneened i in 

one of two manners, 

In the first place it is possible that whet one red caked is stimu- 
lated in the uni-polar method the other is also stimulated (but toa 
less degree) by “spread” of current. - This must be so physically ; 
the possibility here suggested is that stimulation by “spread” of 
current is effective physiologically. When stimuli of comparatively— 
weak strength are used this “spread” is probably not effective; but 
granting that it is so effective the reaction in a single arm might be a 
_ compound one conditioned by the effects upon its spinal centres of the 
activities of the two red nuclei. That is, it might be a compromise 
between the flexion conditioned by the activity of the red nucleus of the 
same side and the extension conditioned by that of the opposite red 
nucleus. Thus with varying values of stimulation (conditioned for. 


instance by a change in the state of the preparation) varying values of — 


contralateral extension and ipsilateral flexion might compound to give 
reactions in which extension and flexion exhibited differing preponder- 
ancies, | 

The other possibility is that the activation of a single red nucleus is 
a mixed one—that while the chief action of a red nucleus on the arm 
of the same side is one of flexion it also has an effect (although a weaker 


one) of extension, and that while its chief contralateral effect is.one of — 


extension it also has an effect of flexion. ‘Then the different values of 
stimulation applied to one red nucleus might evoke reactions in which 
. the extension and flexion factors had different intensities, 

The present experiment offers no data for the positive conclusion 
as to which of these two possibilities is the true explanation of the 
phenomena obtained. The question might be settled if reactions which 
vary in the manner of the reactions described in this paper were 
obtained by the stimulation of one red nucleus after the removal of 
the other lateral half of the mid-brain to eliminate the possibility of 
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NOTE ON THE PHYSIOLOGY OF THE BASAL 
GANGLIA AND MID-BRAIN OF THE ANTHROPOID 
APE, ESPECIALLY IN REFERENCE TO THE ACT 

OF LAUGHTER. By T.GRAHAM BROWN. 


(From the Department of Experimental 
University of, Manchester.) 


OONTENTS. 


the sat of and other exremions of emotion in 
the chim 
IL Results on stimulation of the pyramidal tract 
TEL. Results obtained on stimulation of the area of the red nucleus . 
IV. Results obtained on stimulation of the grey matter round the 
 meuraxial canal in the cross-section . . 
Vv. Results obtained on stimulation of the caudal pole of the optic 
thalamus... 
on, of the second (sore caudal) cross. 
section of the neuraxis at the level of the mid-brain . . . 
Introduction. The question of the higher centres which control the 
respiratory centre in the medulla oblongata is one of interest. It is 
obvious that such centres exist. For instance, the act of respiration 
may be stopped in a “voluntary” manner for a short space of time. 
This seems to point to a cerebral control of respiration. Again, the 
normal respiration is greatly altered in many acts—for example that of 
laughter—which are supposed to be the expression of activities of — 
centres higher than those of the mid-brain. Indeed the act of laughter 


_ may be looked upon in great part simply as an alteration of the act of 


breathing. Now it is generally assumed that the act of laughter is one 
conditioned by centres which lie in the neuraxis above the level of the 


anterior corpora quadrigemina. If this is the case there must be 
centres above this level which in their activity have an Linens upon 
the lower respiratory centres. 


It is perhaps not going too far out of the line of this present paper 
to notice a curious parallel which may be drawn between the relation 
on 
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196 GRAHAM BROWN. 


other hand of the act of laughter to the act of normal respiration. In 
either of these two relationships what we may term the fundamental 
_acts—progression and respiration—are comparatively slow rhythmic 
- movements. “They seem to be peculiarly susceptible to the “blood- 
stimulus” factor in their conditioning (when that term is used in its 
widest sense). They are conditioned greatly (but not fundamentally) 
by proprio-ceptive self-generated stimuli—in the one case by the 
proprio-ceptive stimuli from the receptive end-organs in the muscles of 
the limbs, and in the other case by the proprio-ceptive stimuli from the 
receptive end-organs in the lungs. In either case the rhythmic act 
shows great persistence when subjected to the chemical narcotic and 
then exhibits the peculiarity of the apparent one-sidedness of an other- 
wise double act. Thus progression is normally conditioned by a 
rhythmic alternation of extension and flexion. The flexion is produced 
by the contraction of the flexor muscles ; the extension is conditioned 
in part by the action of gravity on the limb (thus producing a passive 
relaxation of the flexor muscle) and in part by the active contraction of 
extensor muscles. But in the phenomenon of “narcosis progression ” 
the rhythmic activity seems to occur in the absence of movement of 
any kind in the extensors—it is conditioned solely by contraction and 
relaxation of the flexors. Ina similar manner respiration is conditioned 
by the alternation of inspiration and expiration. Of these acts inspira- 
tion is produced by active contraction of inspiratory muscles ( = flexors-?) 
and expiration is produced by the action of gravity (in man) and the 
elastic recoil of the chest wall either alone or in conjunction with the 
active contraction of expiratory muscles. In respiration under narcosis, 
and even in the normal respiration of the mammal which is not under- 
going great exercise, the expiratory muscles do not take part in the 
act of respiration. In the case either of respiration or progression the 
rhythmic act is greatly influenced by the establishment of a state of 
asphyxia. In either case extero-ceptive stimuli may alter the progress 
of ‘the rhythm—the spur in the case of the progression of the horse, 
a douche of cold water in the case of respiration. And finally in either 
case the rhythm may be stopped and started again by a change in the 
state of the cerebral centres—“ voluntarily.” In the two relationships 
which we are about to consider a close parallel may therefore be drawn 
between the fundamental rhythmic activities. sae 3 
If now we take the first relationship—that between the scratch- 
reflex and progression—we find that in the two rhythmic acts the same 
Roy. Soc., B, uxxxvi, p. 140. 1918, ‘This Journal, xuvim. p. 18. 1914. 
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muscles of the limbs take part. The rate of the rhythm of their 
movements is however considerably greater in the scratch-reflex than 


“in progression. They act reciprocally—the flexor: contraction being 


accompanied by extensor relaxation and vice versa. A curious point is 
the apparent greater persistence of extensor activities in the scratch- 
reflex than in progression. It is at present not possible to say that the 
scratch-reflex cannot occur in flexor muscles alone—that when it occurs 
both sets of antagonists are active—but at any rate in the scratching 
movements which occur in the guinea-pig under narcosis the extensors 
are active. The progression phenomenon seems to be conditioned (in 
certain circumstances) by the activity of the lower spinal centres alone. 
Thus it may be conditioned by the lumbar centres after their functional 
separation from the higher parts of the neuraxis. But the scratch-reflex 
seems to be conditioned by a centre (or by centres) in the higher part of 
the spinal cord, and these centres seem to act through the same lower 
centres which control the act of progression. In the case of progression 
the fundamental condition appears to be the equivalent of the “blood- 
stimulus” in respiration’, and a great (although secondary*) condition . 
is the phasic self-generated series of stimuli from the proprio-ceptive 
end-organs in the muscles of the limb. While the proprio-ceptive 
factor no doubt plays a part in the scratch-reflex the fundamental 
condition may be regarded not as this nor as the “blood-stimulus” but 
as the extero-ceptive stimulus from the skin end-organs round the hairs 


of the trunk and head. Indeed the scratch-reflex might be looked 


upon as due to a modification of the act of progression conditioned 


under the influence of the activity of cutaneous end-organs, The 


effect: of this activity may be reproduced by the artificial stimulation 


_of the afferent nerves which proceed from these end-organs—for example, 


by the electrical stimulation of the cut ascending branches of nerve 
fibres in a cross-section of the cervical spinal cord. Finally the act of 
scratching, as must be within the experience of all of us, is accompanied 
by psychical states. We have the feeling of pleasure and satisfaction. — 


_ In other words there is an emotional accompaniment of the act, jp weewees 


progression is usually sub-conscious. 

_ Proceeding now to the second relationship—that between the acts 

of laughter and of respiration—we find that it has many similarities 
to the first. The same muscles take part in the two acts (laughter and 


respiration). The movements are rhythmic, but the rate of the rhythm 


! Proc. Roy. Soc., B, uxxxvt. p. 140. 1913. This Journal, xuvit. p. 18. 1914. 
* Proc. Roy. Soc.,.B, uxxxiv. p. 308, 1911. 
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GRAHAM BROWN. 


is greater in laughter than in normal respiration—just as it is greater in 
the scratch-reflex than in progression. Nevertheless the rate of respira- 


tion may in certain circumstances approach that of laughter—just as, 
under the influence of asphyxia, the rate of progression may approach 
that of the scratch-reflex'. Again a point of interest is the activity of 
the expiratory muscles (= extensors ?) in laughter, whereas in normal 
respiration they play no part or a very slight one. Respiration appears 
to be conditioned by centres which lie in the medulla oblongata—that 
is, high spinal centres; but laughter seems to be conditioned by centres 
higher than these. It is possible that a parallel may be drawn between 
the lower progression centres and the higher scratch-reflex centres on 
the one hand and the lower respiratory centres and higher laughter 
centres on the other hand. In the case of respiration the fundamental 
condition seems to be the “blood-stimulus,” while the phasic self- 
generated proprio-ceptive stimuli from the lungs seem to play a great 
but a secondary part. But in the case of laughter the chief condition 
appears to be the activity of extero-ceptive end-organs—as in the case 
_of the scratch-reflex. Thus laughter may be evoked by auditory or 
visual stimuli, or by the memories of auditory or visual images 
(in which cases perhaps the equivalent of the “ blood-stimulus ” 
_ may play a part), and above all it may appear under the influence 
of the cutanéous extero-ceptive stimulus of “tickling.” Here there 
appears to be a very close parallel between laughter evoked in this 
manner and the normal scratch-reflex ; while a parallel to the laughter 
produced by memories of visual and auditory i images is perhaps to be 
found in the phenomenon of “narcosis scratching.” It is possible, as 
will be described in this paper, that a form of laughter equivalent to 
that evoked by tickling may be evoked by the artificial stimulation of 
certain parts of the neuraxis—just as the scratch-reflex may be. 
Finally, respiration is a sub-conscious act and is not normally accom- 
panied by an emotional state. But laughter has a strong psychic — 
concomitant—a feeling of satisfaction and pleasure perhaps equivalent 
to that which accompanies scratching. 

These parallels may seem to be too far fetched, but at-any rate it 
must be admitted that there are grounds for the suggestion (it is no 
more) that the act of laughter may bear a similar relationship to the 
act of respiration as that borne by the act of scratching to the act of 
progression; while there are strong grounds for the — between 
the act of respiration and that of progression, 


Proc, Roy. Soc., B, Lxxxvi. p, 140. 1918. 
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In the experiment here described the possible effect upon the act of 
respiration of artificial stimulation of certain areas in the cross-section 
of the neuraxis at and above the level of the anterior colliculi was 
investigated in the anthropoid ape. In a short preliminary communica- 
tion’ it has already been shown that artificial stimulation applied in the 
uni-polar method to certain points in the cross-section of the mid-brain 
of the monkey at the level of the anterior colliculi may evoke changes in 
the act of respiration. | : 3 
Methods. The animal used in these observations was a large male 


- chimpanzee—Troglodytes niger—which was in rather poor condition. 


After a series of investigations into the function of the cerebral cortex 
_ under the influence of a chemical narcotic the animal was decerebrated 
by division through the neuraxis a little in front of the anterior colliculi 
. (see Figs. 1, 3). The actual plane of division was not quite at right 
angles to the axis of the central canal (aqueduct of Sylvius). On the 
dorsal aspect of the neuraxis it passed about 3 mm. in front of (oral to) 
the anterior boundary of the anterior colliculi. The plane of section 
_ then passed somewhat backwards so that its ventral part cut through 
the mid-brain at the level of the centre of the anterior colliculi, Thus 
the plane of section passed through the optic thalamus above and 
through the mid-brain below—the upper third of the surface being 
composed of thalamus. The section passed almost immediately in front 
of (oral to) the posterior commissure. Later a second trans-section of 
the neuraxis was performed. This was in the mid-brain and the plane 
of division passed through the middle of the anterior colliculi on the 
dorsal aspect of the neuraxis and exactly through the anterior (oral) 
boundary of the pons Varolii on the ventral aspect. The depth of 
narcosis during the first of these lesions was so great that respiration 
failed for a time and the animal had to be kept alive by artificial 
respiration. Thereafter normal respiration became re-established. 
Different points on the exposed surface of the first cross-section were 
stimulated artificially by means of rapid induced electrical currents 
applied in the uni-polar method—the indifferent electrode being bound 
upon one of the feet. Later in the experiment the second cross-section 
was stimulated in a similar manner, but the animal was then dying and 
the results obtained were few in number. It is scarcely necessary to 
_ state here that the animal was completely unconscious throughout the 
whole of the experiment and until it died at the end of it. 


1 Proc. Physiol. Soc. p. xxxii. 1914. (This Journal, xxv.) 
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Not on he of ond ether of nation 
| in the chumpansee, 

The following observations, which have a bearing upon the ex- 
periments about to be described, were made upon another and a 
young male chimpanzee at present in the laboratory. This animal 
is (March, 1915) 80 or 31 months old. We have had it in the 
department for about 18 months. At first it was extremely wild, 
but is now very tame. It shows no evidence of fear—even for instance 
when a lighted match is held — its face—except when a stranger 
comes into the room. 

When thus excited the ape screams violently, showing its 5 teeth in 
the manner common in chimpanzees in such circumstances. When 
happy it protrudes its lips and gives the “Ou, Ou, Ou” cry. If it is | 
feeling lonely it whimpers when we leave the room—the sound being 
similar to the moan of a child, but not to the child’s sobbing which we 
have not observed in this individual. If this ery does not die away it 
developes into the scream. 

The chimpanzee may be tickled by rubbing the kin 4 in the sate 
of the shoulders, in the arm-pit, and between the scapulas. In the 
latter case the back is straightened, the head is thrown back by an 
extension of the neck, and the lips are retracted. This retraction differs 
from that seen when the animal screams. It may at first be slight, but 
later of greater extent. It is best described as a smile, At the same 
time the respiration becomes more rapid and slightly vocal. The sound 
given is that of “Ha, Ha, Ha,” but not said as we say it—rather 
whispered. There can be little doubt that this reaction to tickling is 
equivalent to the act of laughter. Oflate, with the increasing tameness of 
the animal, it has become more difficult to obtain reactions to tickling. 


II. Stimulation of the pyramidal tract area. 

In the decerebrate chimpanzee investigated in these observations 
the lower part of what has been termed the first cross-section of the 
neuraxis in the description of methods used was formed by the 
pyramidal tract (see Figs. 1, 2). 

Uni-polar stimulation of the right pyramidal tract yielded move- 
ments of the contralateral (left) limbs. Movements of the ipsilateral 
limbs were not observed. In the case of the left arm these movements 
were examined in two isolated antagonists—supinator longus and 
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Fig. 1. Photograph (life-size) of the oral aspect of the mid-brain and cerebellum of the 
anthropoid ape the examination of which is described in the text. The cut surface of 
the mid-brain is that exposed after the first transverse lesion. The upper part of the 
exposed surface is really composed of optic thalamus, the lower part of mid-brain. 

- The central canal of the neuraxis (here the caudal end of the third ventricle) is 
clearly shown, and the posterior commissure is also distinctly to be seen. 

The three black dots on the right side of the exposed cut surface were not drawn 
upon the photograph—which is untouched. They are indian ink marks which were 
placed upon the surface of the mid-brain during the experiment and they correspond 

_ very accurately to the centres of the ‘‘ focal” areas described in the text. 
' * Im the next figure an outline drawing of this photograph is given. 


Central Gra 


mm. 
Fig. 2. Outline drawing of the preceding figure. On the right side of the cross-section 
of the neuraxis are drawn three shaded areas. These are: the pyramid area below, 
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the red nucleus area in, the centre, and the thalamus area above and to the side, In 
addition the small point near the mid-line (central grey matter area) is also shown. 


Within the red nucleus area and the thalamus area the ‘* focal” areas are shown 


by darker shading, That for the red nucleus area is also shown more clearly upon 
the left side of fhe cut surface, These areas were carefully drawn upon a sketch map 
during the experiment. That map has been corrected against the photograph and the 
areas here represented may be regarded as approximately exact. Of course it must 
be noticed that the ‘spread” phenomenon of the exciting electric current makes 
it possible that the area from which a reaction is apparently evokable may not 
correspond exactly with the anatomical structure stimulated. Thus the responsive 
area will almost certainly be larger than that of the structure. 
The unshaded areas on the right side of the surface of the cross-section are ‘‘ dead 
areas.” Moderate uni-polar stimuli of strengths sufficient to evoke reactions from the 
shaded areas failed to evoke reactions from the unshaded ones. 


triceps after the destruction of its scapular head. Flexion (flexor 
contraction, extensor relaxation) was the only movement which could be 
evoked at the elbow-joint. — 

Passing upwards on the surface of the cross-section (that is, passing 
towards the dorsal aspect of the neuraxis) it was found that immediately 


dorsal to the pyramidal tract area there was a “dead” or “silent” area. — 


In other words there was an area from which no obvious reactions of the 
~ carcase of the animal could be evoked by uni-polar stimulation when the 
strengths of current used were those which were effective in the other 
(responsive) areas, When a strong stimulus was applied to this dead 
area reactions were evoked, but that stimulus was so strong that the 
results obtained were certainly due to “spread” of current stimulating 
the other areas. 


III. Stimulation of the area of the red nucleus, 
Immediately above (dorsal to) the “dead” area there was a 
responsive area which corresponded anatomically with the site of the 


red nucleus. This area was about 9 mm. long. Its long axis lay 


parallel to the mid-longitudinal dorsi-ventral plane of the neuraxis. In 
-shape the area was almond-like, being of greater width below (ventral) 
than above. Its greatest width was about 5 mm: Its inner boundary 
lay about 2 mm. external to the mid-dorsi-ventral line of the neuraxis. 
The lower (ventral) two-thirds of this area lay upon the portion of the 
cross-section which was composed of mid-brain, while the upper third 
seemed to lie upon that portion which was composed of thalamus 

This area is that from any part of which moderate. uni-polar 
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stimulation evoked the characteristic red nucleus reactions. Within 
it lay a “focal” area from which these reactions seemed to be peculiarly 
excitable. This focal area appeared to correspond with the ventral half 
of the dorsal half of the whole area—that is, with the second quarter of 
the whole area numbering from above (dorsal) downwards (ventral- 
wards). 

The reaction evoked on stimulation of this area soniied: in flexign 
of the arm of the same side of the body; extension of the arm of the 
opposite side; rotation of the head to the same side of the mid-line. 
In this movement of the head the face sometimes appeared to be 
retained pointing straight forwards, but the neck was flexed to the same 
side as that stimulated. The movements of the lower limbs were not 
carefully examined. There however appeared sometimes to be extension 
of the lower limb of the same side of the body and flexion of that of the 
opposite side. In these movements all the joints of a limb took part. 
They were comparatively slow and well sustained and they tended to — 
outlast the stimulus applied in a maintained postural after-discharge. 

_ A more detailed analysis of the movements at a single joint of one 
of the arms has been described in another paper’. | 

Surrounding this red nucleus area there was another “dead” area, 


except at a single small circumscribed point on its internal aspect. The 


strength of stimulus necessary for the evocation of the red nucleus 
reactions was greater than that which evoked reactions from thé other 
responsive areas in this cross-section. 


Iv. of the groy shatter romd the nowanial canal 
in the cross-section. — 


Just internal to the red nucleus area opposite the central sia of 
its long axis and between its internal boundary and the mid-longitudinal 
dorsi-ventral plane of the neuraxis there was a small and very strictly 
circumscribed area from which a peculiar reaction could be obtained on 
- uni-polar stimulation (Figs. 1, 2). 

This area itself was scarcely more than a millimetre across — 
liminal and even fairly moderate stimuli were used to localise it. It lay 
quite close to the mid-dorsi-ventral line—its inner margin being about 
1 mm. or 05 mm. from that line; and it was about 3 mm. below 
(ventral to) the ventral edge of the posterior commissure. The area 


1 Proc. Roy. Soc., B, uxxxvu. p. 145. 1913. ‘1916. 
This Journal, xxix. p. 186. 1915. 
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probably lay on the grey matter round the aqueduct of Sylvius or-the 
third ventricle. 

‘Weak uni-polar stimulation applied to this area at once evoked very 
rapid respiratory movements. The reaction was a most remarkable one. 
The normal slow, deep, and steady respiration suddenly changed to a 
fast and shallow breathing. Cessation of stimulation was not followed 
by a continuation of the fast breathing—it at once reverted to normal. 
The sound of this breathing was very similar to the “Ha, Ha, Ha” of 
the laughing chimpanzee, The abdominal muscles of both sides of the - 
body appeared actively to contract and relax during the reaction. _ 

_ The red nucleus area was irresponsive to stimuli of the strengths 
which evoked this reaction and also the reactions (about to be described) 
from the caudal pole of the optic thalamus. 

A rise of blood-pressure was observed when this small respiratory 
area was stimulated. This rise was evidenced by the renewed — 
of numberless points on the cross-section. — 


of the pele tho otio 


‘External to the red nucleus area there was another “ dead ” area, 
and external to that again there was a responsive area. This lay is 
_ the dorsal and lateral margin of the cross-section of the neuraxis in its 
_ upper two-fifths, The area was broader above (dorsal) than lower down, 
and its greatest breadth was about 4-5 mm. while its length was about 
10mm. Within it there was again a “focal” area. This, which was 
about 4 mm. in diameter, lay in the upper (dorsal) half of the area. 
The reactions evoked on stimulation of the different points within the 
whole area differed somewhat. The area itself lay on the part of the 
cross-section which was composed of optic thalamus, The cross-section 
here passed about 2-3 mm. oral to the caudal pole of the thalamus 
(Figs. 1, 2, 3), 

Uni-polar electrical stimulation applied to the lower (ventral) part of 
this area gave a characteristic alteration of respiration. The breathing 
became very vigorous and “hollow ”—the abdominal muscles taking 
part in the act, At the same time there seemed to be an increase of 
salivation. 


From ‘the middle of the area the reaction evoked appeared to 
resemble “ sighing.” : 


Stimulation applied to the upper (dorsal) part of the “—_ and 
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copecially 40 the focal within i, gave «slowing of sespiration—the 

movements being apparently those of “ panting.” 
_ These reactions tended to outlast the stimulus which evoked them. 
The strength of stimulus necessary to evoke these reactions was a — 
comparatively weak one, With this strength of stimulus the red nucleus 
: was irresponsive, and there was thus a “dead” area between this 
thalamic respiratory area and the small respiratory ees near r the mid- 

line from which rapid was 


VL Stimulation of the second (more caudal) of 
oe the newraais at the level of the mid-brain. 


The second cross-section passed through the middle of the anterior 
colliculi on the dorsal aspect of the neuraxis and through the caudal 
boundary of the mid-brain on the ventral aspect. Its plane was 
approximately at right angles to the mid-dorsi-ventral plane of the 
neuraxis (Fig. 3). 


Fig. 8. Photograph (life-size) of the — 

mid-brain and hind-brain taken 
‘from the right side after removal of 
the right half of the cerebellum for 
purposes of demonstration. 

The portion of mid-brain en- 

closed between the first and second 

 eross-sections of the neuraxis has 
been replaced and the photograph 
- demonstrates the directions of the 
two lesions made in this experiment. 
Thus the first lesion is seen to start 

gbove (dorsal) through the optic 
thalamus about 8mm. in front of 
(oral to) the oral boundary of the 
anterior colliculi, Below (ventral) 
it passes through the mid-brain at 
the level of the middle of the anterior colliculi. shove 
(dorsal) almost exactly through the centres of the two anterior colliculi, while below 
(ventral) it passes exactly between the oral boundary of the pons Varolii and the 
caudal boundary of the mid-brain. 


Immediately after this section was performed the. parts were left in 
situ and stimulation was again applied to the previously responsive 
Points on the first cross-section. These were then found to be irre- 
sponsive and it must therefore be assumed that the results obtained 
from them immediately before the second lesion were in fact conditioned 
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by the stimulation of structures which lay in the neuraxis between the 
planes of the first and second cross-sections. 

Stimulation of the pyramidal tract area on the surface of the second 
cross-section gave results similar to those obtained on the stimulation of 
this area in the case of the first cross-section. So did stimulation of the 
red nucleus area, Alterations of the respiratory movements were not 
obtained, but the animal was _ dying: Such alterations — be 
to obtainable... 


CONCLUSIONS. 


There can. no doubt that electrical stimulation of strastures 
which probably lie in the caudal pole of the optic thalamus yields 
alteration of the respiratory movements. _ 

The alterations thus obtainable have the characteristics of the 
similar alterations which, in the intact animal, we associate with 
emotional states. Such alterations are the “panting,” “sighing,” or 
“hollow” breathings seen in this experiment and, above all, the rapid 
“laughter” breathing. 

The exact and circumscribed location of the area from which this 
last type of alteration of respiration was obtained suggests the presence 
there of a definite descending nerve tract. Perhaps this is identical 
with the fasciculus retroflexus of Meynert. In any case it is curious 
that this area should be separated from the larger area from which — 
the other respiratory alterations were obtained on stimulation. It is 
possible that the “laughter centre” (if there is such a thing) lies higher 
in the neuraxis than the plane of the first cross-section made in this — 
experiment, and that a descending tract has already become segregated — 
at the level stimulated. It is, for instance, by no means improbable 
that such a “centre” might lie further oral in the optic thalamus. 

The experiment gives definite proof of the connexion of the caudal 

.. pole of the optic thalamus with activities which condition reactions 
expressive of emotional states—reactions in which alterations of 
respiration and changes in blood-pressure play an important, if not a — 
predominant, part. It is curious that such effective reactions.can be 
obtained on stimulation of such circumscribed areas, and the method of 
investigation seems to offer to the future results of interest, but difficult 
to obtain because of the rarity and cost of the material necessary for 
production. 


-'One further point may be noticed. The reactions obtained are 
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: indicative of emotion, but it cannot be assumed that a concomitant of 
the electrical stimulation is the conditioning of the emotion with which 

in every-day life we associate the reaction. It is more probable that in 
this stimulation we are only activating a link in the chain of mechanisms 
which normally take part in the state. The movement of the tip of the 
tail of the cat is usually associated by us with the emotion of anger in 
that animal. But that movement may be evoked in the carcase of the 
spinal animal on appropriate stimulation of the cross-section of the 
neuraxis. In such a carcase we cannot believe that an emotion of anger 
exists, but its motor concomitant may be evoked by the stimulation of 
- a lower part of the mechanism through which it is manifested. In a 
similar manner it is possible that in this present experiment the 
stimulus activates the motor mechanism at a lower level than that at 

which its activation is accompanied by the emotional state. 
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ON THE ACTIVITIES OF THE CENTRAL NERVOUS 
SYSTEM OF THE UN-BORN FC@TUS OF THE 
CAT: WITH A DISCUSSION OF THE QUESTION 

_ WHETHER PROGRESSION (WALKING, ETC.) IS A 
“LEARNT” COMPLEX. By T, GRAHAM BROWN. 


(From the Laboratory of Experimental Physiology, 
Onwersity of Manchester.) 


Introduction. A point of interest raised in the study of the physiology 
of vertebrate progression is the question whether the act is one learnt 
during the process of extra-uterine development, or whether it is not 
the expression of the activity of a purely “automatic” mechanism and 
is “learnt” as little as the act of breathing is learnt at birth. - 

Thus the activity itself might be regarded as a complex formed by 
the synthesis of such so-called unit reflexes as the flexion-reflex and the 
extension-reflex of the limbs ; and it might be assumed that the ordered 
sequence of these reflexes and of all the other complicated movements 
involved is laboriously acquired by the individual in a process of trial 
and error controlled by the observation of the perfect movement in other 
individuals—that is, by imitation. Or it might be supposed that all 
the multiplex parts of the mechanism develop in an ordered rhythm of 
growth and that finally the functional side of the complex expresses itself 
in the act of progression—the individual does not laboriously acquire 
the habit.of walking ; he walks because he cannot help doing so. 

It has, of course, long been known that the lower spinal centres may 
condition movements similar to those of progression—movements which 
differ from the whole act in the ratio by which the isolated portion 
of the nervous system which conditions them differs from the whole 
nervous system This is seen, for instance, in Freusberg’s “ mark-time ”- 
reflex. The movements of progression which occur in the late low- 
spinal dog’; the similar movements which may be obtained on electrical 


Freusberg. Arch. f, die ges. Physiol. 8. 858. 1874. 
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stimulation of the cut surface of the spinal cord in the decapitate cat? ; 
those which are seen on rapid division of the spinal cord in the 
decerebrate cat*?; and the movements of progression which occur in the 

normal cat and other mammals under chemical narcosis at a depth of 
ansesthesia sufficiently great to eliminate the higher centres’—all 
demonstrate that in the lower centres themselves there is a mechanism 
effective for the exhibition of the act of progression. In addition they 
show that the mediation of the higher centres—those which are 
supposed to condition “learning ”—is not an essential factor in the act. 
The movements of progression may commence, continue, and cease 
without any interference from the higher parts-of the central nervous 
system. 

But when the hypothesis of the learning of progression (or of any 
other activity) is accepted it is generally presumed that, while the act 
is at first laboriously acquired, later it becomes a “sub-conscious” move- 
ment—reflex. Thus it is supposed that in some manner a complex 
drill is taught by the higher centres to the lower ; and repetition of the 
drill tends to fix it—to consolidate a previously flexible arrangement of 
central interconnexions—to such an extent that the centres act auto- 

-matically. Many would indeed try to explain not only those complex 
reflex acts which are by some termed “ instincts” and the only less 
complex acts of which progression is an example, but even the simple 
reflex itself, as activities which have become in different degrees fixed 
and stable by a sort of phylogenetic crystallisation from a more fluid 
state of the central organ by a process of “learning” and repetition, 
These also assume that whereas this crystallisation may have reached 
its climax for some of these acts in phylogenetic development, for others 
(as progression) it is continued in ontogenetic development. | 

In face of such a position it therefore cannot be suggested that the 

presence of an activity of progression apart from the higher centres in 

the adult animal shows that the act is not a “learnt” one. It may 
have been learnt during the development of the individual and have 
become crystallised. 

Philippson* has however demonstrated that these automatic move- 
ments of progression may occur in a three hours old kitten the thoracic 


1 Sherrington. This Journal, xu. p. 28. 1910. 
2 Graham Brown. Proc. Roy. Soc., B, uxxxtv. p. 308. 1911. 
@raham Brown. Quar. Journ. Exper. Physiol., tv. p. 151, 1911. Proc. 
‘Soe., B, uxxxvi. p. 140, 1918. This Journal, xivm. p. 18. 1914. 
4 TXiéme Congrés internat. des physiologistes, Groningue, 1913. 
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spinal cord of which is trans-sectéd. Both the movements of the 


trot and those of the gallop may be exhibited in such a case,, He © 


has drawn the inference that these are innate reflexes, That these 
acts are the expression of the activity of a mechanism which is 
developed during the intra-uterine life of the cat and is not arranged 
by the proper codrdination of its parts after birth must be accepted, 
unless indeed it can be supposed that such an arrangement of the 
elements of the mechanism can be brought about in these three hours 


which intervened in Philippson’s experiments between birth and the — 


division of the spinal cord. But even in this case it must be remembered 
that the mechanism has been as it were wakened up by the environ- 
mental stimuli, Can movements of progression be exhibited by the 
mechanism in the absence of extra-uterine environmental stimuli? — 
Methods. Of a large number of cats used for different purposes some 


have been found to be pregnant. In a few instances the reflexes of the 


foetuses have been examined. For tlie purposes of these experiments 
the cat (decerebrate) is laid upon the table beside a shallow vessel which 


contains warm physiological salt solution. The abdomen is slit and a 


loop of uterus brought out. From this the fostus is quickly shelled out 
— into the dish of saline solution—care being taken to leave the umbilical 


cord intact and the foetal circulation unimpeded. The foetuses ‘most 


carefully examined were four in number. They were about 8-9 cm. 


long. The observations contained in this paper are derived from these 


fostuses alone. 


Spontaneous” movements of progression. 


When foetuses are thus shelled out into physiological salt solution — 


they, as it were, are born; but the environment into which they are 
placed is so similar to the intra-uterine environment that for the 
purposes of these experiments they may be regarded as still un-born. 
The new environment has many points of similarity with the old. It 


shares its chief characteristic of evenness. Its temperature is even — 


throughout; the pressure on the fostus is the same on all parts of its 
surface ; only the distribution of light shows unevennesses, and these 
may be neglected. This is in great contrast with the characteristic 
inequalities of the environment into which a kitten is normally born— 


its differences of temperature and of pressure at one and the same time. - 


The fetus un-born in this sense of the word may exhibit movements of 


progression. These may be apparently “spontaneous.” Or they may 
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be brought about by general asphyxia produced by pressure on the 


umbilical cord. Each pair of limbs exhibits alternate movements and 
the limbs in the two pairs exhibit diagonal synchronism. In other 


_ words the movements are those of running or walking. The muscles of 


the trunk also take part in the complex. The neck is bent from side 
to side, and corresponding movements of the back take place. 

The interest in this phenomenon lies in the evocation of progression 
in the absence of varying and various environmental stimuli. All that 
changes is the blood-supply to the centres. It is difficult to avoid the 
conclusion that in the un-born fcetal cat there is a mechanism which 
may be activated through the “ blood-stimulus” (in its widest sense) 
alone and may then exhibit the activity of progression just as the 
respiratory mechanism in the same circumstances exhibits the activity 
of respiration. Indeed in these foetal cats under the influence of a state — 


also be observed. 


_ Of asphyxia movements which resemble an attempt at respiration may 


of 


The operation of decerebration may be easily performed. In one 
instance there appeared to be conditioned for a very short time a slight 
state of extensor rigidity in the fore limbs; but this was so slight and 
transient that no stress can be laid upon the observation. The fostuses 
were in no case kept for a sufficient time after decerebration for it defi- 
nitely to be stated that a decerebrate rigidity similar to that of the adult 
cat does not appear. In every case however the procedure of decere- 


_ bration was followed by well-marked and long-sustained movements of — 


progression. A certain amount of blood was lost in the operation, for 
the vessels were not tied, and it is possible that this progression was an 
asphyxial effect. But here the possibility of a direct mechanical stimu- 
lation by the knife as a factor in the production of the movements must 


not be overlooked; nor must it be forgotten that the removal of the 


cerebrum may abolish a factor which normally tends to suppress the 
progression. 


corpora 


poe of the forceps upon the cut surface of the anterior corpora 
quadrigemina after decerebration produced a well-marked movement in 
the fore limbs. If 
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corpora there resulted a movement of flexion of the fore limb of the same 
side and extension of that of the opposite side. Pressure applied simul- 
taneously to both the anterior corpora resulted in bilateral extension of 
the two fore limbs. 

This reaction is distinctly similar to that seen when electrical stimu- 


betiens is applied to the cut surface of the anterior corpora quadrigemina — 


in monkeys', and it may be surmised that it is due to stimulation of the 
ruber. 


- Immediately after rapid division of the thoracic spinal cord—carried 


out by means of one cut with strong scissors—there ensued a state of — 
- maintained flexion of the hind limbs. This was then succeeded by a 


state of maintained extension which finally disappeared. In one 


instance there were evoked vague progression-like movements, — | 


were not well sustained. 


The simple reflewes. 
On rubbing the skin behind the external auditory meatus the 
torticollis reflex was evoked. The movement of the head, neck, and 
back was similar to the movement of the adult cat in the scratch-reflex 


when the outer and caudal aspect of the pinna is rubbed. No scratching 
movements in the hind limb were observed. 


Pinching the skin of the toes in the forceps evoked the ipsilateral 


flexion-reflex. The movement in that same limb was di-phasic— 
following upon the flexion there occurred a well-snetked extension 
“* rebound.” 
The same stimulus evoked a clear movement of extanaicn in the 
opposite member of the pair of limbs. 
When the toes of a hind limb were strongly pinched there rearee 


a movement of extension in the fore limb of the same side and one of — 


flexion in the fore limb of the opposite side of the body. __ 

Reflex inhibition was demonstrated. When a hind limb is in a 
state of maintained flexion—the after-discharge resultant upon a strong 
stimulus—stimulation of the toes of the opposite hind limb results in 
&@ movement of contralateral extension which at once resolves the 
maintained flexion. 


The. extensor-thrust sould not be chinined.. 
2@raham Brown. Proc, Roy. Soc., B; p. 145. 1918. 
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- Similar phenomena as concerns the limb reflexes have been observed 


i much younger fostuses ; as also havé been some — move- 
ménts.. 


CONCLUSIONS. 


These experiments seem to show that movements which resemble _ 
those of progression may occur in the un-born fotus of the cat. It is 
not, of course, intended ‘to suggest that perfectly efficient walking can 
occur at this stage of development. The un-born foetus is un-oriented, 
and the mechanisn of the limbs is not sufficiently developed to admit - 
of the actual carriage of the body. Nevertheless the limbs may perform 
movements codrdinated together in a manner similar to that seen in 
the progression of the adult. The experiments also show that the 
simple reflexes of the limbs—which some regard as the primitive unit 
reflexes out of which the more complex act of progression is built up, 
but which are more probably better looked upon as evolved from 
portions of the more primitive cyclic act of progression—may also be 
present at this stage of development. So too are the activities of certain 
of the higher centres, such for instance as those probably of the red 
nucleus, which play an important part in progression. — 

In other words, at this stage of development the central nervous 
mechanism whereby the movements of the four limbs together with the 

_ movements of the trunk are cotrdinated together for the act of progres- 
sion is already evolved. It may be surmised that in a similar manner © 

the peripheral proprio-ceptive mechanism, which seems to temper the 
act to the inequalities of the environment, is also evolved before the 
birth of the individual. 

The occurrence of movements which resemble those of progression 
in the un-born foetus of the cat presents three points of interest. 

In the first place it demonstrates the evolution of the ‘central 
mechanism before the stage in development at which its activity may 
be directly evoked by external stimuli. In the light of this observation 
it is not possible to consider that walking is a complex act learnt by 

~ gome such method as that of the trial and error selection of the most 
efficient combination. of unit reflexes. The mechanism is developed and 
its cotrdination is conditioned long before any such process of “ learning” . 
is possible. 

In the second ses it shows that the phasic act of progression may 

ocour in the absence and before the occurrence of rhythmic external 
14—2 
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self-generated stimuli, In the closed and un-differentiated environment 
of the un-born fostus it is difficult to picture any phasic stimulus which 


may act upon the foetus from outside. It is indeed difficult to picture — 


any external stimulus at all save only an increase or decrease of the 
pressure which is equal on all parts of its body. 

This’ brings us to a third point of interest—the occurrence of pro- 
gression movements even in those circumstances under the influence of 
asphyxia. The author has already suggested’ a factor in the conditioning 
of progression similar to the “blood-stimulus” in respiration. These 
observations in the un-born fostus seem to support this view. The 
mechanism can be set off into rhythmic activity by asphyxiation—a 
general stimulus which also sets off the respiratory centre in rhythmic 
activity. The central mechanism for progression seems to evolve in a 


codrdinate manner during intra-uterine life and to be capable of reacting — 
codrdinately to internal (“ blood ”) stimuli before the organism can come 


into contact with the ordinary environmental stimuli which usually set 
it in action. It is possible that the “quickening” movements which 
are a symptom of human pregnancy may be due to similar progression 
movements in man ; and if they are thus evoked by somesuch accidental 
asphyxia as that cunditioned by pressure upon the umbilical cord they 
may tend, in an indiscriminate manner it is true, to relieve that 


SUMMARY, 


1. Various reflexes have been examined in cat fostuses. The limb 


reflexes are very similar to those of the adult cat. The ipsilateral 
flexion-reflex and the contralateral extension-reflex have thus been 
observed. In the former reflex an extension rebound effect has been 
seen. Reflex inhibition may be observed on pitting one reflex against 
- another, 

2. The red nuclei seem to be capable of stimulation and then evoke 
their characteristic movements in the fore limbs. ao 

3. If the footus is shelled out of the uterus without delay into warm 
physiological salt solution it may be regarded as still un-born. In these 


circumstances unmistakable movements of progression may be obtained 


on producing asphyxia by pressure upon the umbilical cord. They may 
sometimes appear to arise spontaneously. 

4, This observation shows that the mechanism for cotrdinate 
? Graham Brown. This Journal, xuvm. p. 18, 1914. 


SLB 
. 
F 
Re 
a 
* 
BY 
is 
4 
‘ pressure. 
ay 
j 
ity 
| 
my 
if 
Pe. 
4 
4 
¥ 
it. 


PROGRESSION IN 


progression develops during intra-uterine life, and that the codrdina- 
tion of the mechanism is not conditioned after birth by a tee of 
“ learning.” 

5. The observation also shows that the rhythmic sotivity may be 
evoked by the general stimulus of asphyxiation before it has. been 
evoked or conditioned by any rhythmic self-generated peripheral 
stimuli, such as those which play an important part in normal pro- 
gression but have been shown not to be its intrinsic factors. | | 

6. It thus also gives another demonstration of the similarity — 
between the respiratory mechanism and that for progression. 
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THE ACTION OF SERUM ON THE LIPASE OF PAN- 


CREATIC JUICE. By J. A. SHAW-MACKENZIE, M.D. 
(From the Physiological Laboratory, King’s College, London.) 


In 1909 on examining a specimen of serous fluid from a case of carci- 
noma, I found that although it possessed no true fat-splitting activity 


in itself, it markedly accelerated the action of lipase (steapsin) contained 
in a glycerin extract of pig’s pancreas. Later, in conjunction with 
O. Rosenheima), I found that normal serum (from men and animals) 
possessed the same property, and that the action could also be demon- 
strated on pancreatic juice itself. 

It was subsequently ascertained that H. Pottevin working with horse serum had 
observed previously this accelerating action of serum on lipase (Compt. rend. Acad. Sci. 
Oxxxvi. p. 767. 1903). The same was noticed by Beitzke and Neuberg (Virchow’s 
Arch. p. 169. confirmed since by Miniami (Biochem. Ztech. xxxrx. 
p. 392. 1912). 

Rosenheim@) found that the lipase contained in glycerin extracts 
of the pancreas could be separated into two parts by filtration. The 
residue on the filter (inactive lipase) is destroyed by heat; the other 
component in the filtrate (co-enzyme) is thermostable. Both are 
destitute of lipoclastic activity, but the power of splitting fats is raised 
to its original value by mixing them together. If serum is substituted 
for the co-enzyme, its activating or accelerating action upon inactive 
lipase is a pronounced one. The material in the normal serum to which 


this action may be attributed has recently been termed auxo-lipase by 


Tsuji) but its chemical nature is uncertain, and it does not appear 
to be identical with the co-enzyme obtained from pancreatic extracts. 
There are a number of substances of which bile salts are the most 
familiar which can take the place of the co-enzyme and it is possible 
there may be more than one co-enzyme circulating in the blood, _ 

In previous communications (4) I have shown that variations in the 


accelerating power of serum on lipase occur in disease; and I regard — 


the increase of this property found in cases of improvement or recovery 
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in cancer and other conditions.as. part of the protective mechanism 
of the body. I do not propose, however, to dwell upon this aspect of 
the subject in the present paper, but to deal mainly with a physio- 
logical point. 

In a recent paper, J. Mellanby and V. J. Woolley@®) state 
there is no evidence that the lipase of the juice can be separated into 
enzyme and co-enzyme. They found that the addition of serum to 
the fresh juice has no effect upon its lipoclastic activity; and that 
fresh pancreatic juice diluted with water hydrolyses as much olive oil 
emulsion in an hour as when the dilution is performed with serum. 
They further consider that when serum is added to pancreatic extracts, 


it simulates the action of a co-enzyme merely by virtue of the anti- 


trypsin contained in it protecting the lipase from any tryptic action 


_ which otherwise would destroy the lipase. These statements have led 


me to repeat my former experiments on the action of serum on pan- — 
creatic juice, and the results obtained confirm my previous statements. 
I give in the following table the results I have obtained in the last 
few months. 


brought up to volume with water, and ‘the emulsion added last. The mixture was 


incubated at 37°C. for a given time, usually 18 hours; alcohol was then added, and 
the liberated fatty acids estimated by titration with decinormal potash, phenolphthalein 


potash required to give the neutral point. 
A good olive oil and a good emulsion are necessary. The latter is effected by 
neutralising the amount of free acid present in the oil, 0-9—1 ¢.c. of decinormal potash 


Sc.c. oil being usually required. 


The pancreatic juice was obtained from dogs by the administration of secretin. In 


most of the tests the time allowed for hydrolysis was 18 hours, but in view of Mellanby 


and Woolley’s work, the time allowed in some cases was one hour, and the effects 
also of dilution of pancreatic juice by serum and by water compared. 
In my former experiments human pancreatic juice obtained from a fistula was used 
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Case 1. 
Human 

Expt. Human (caseof serum | N 

1 6o.c. 60.0. 18 hours 2-0c.0. 
1 lec. — 4 5 
lec 4 5 22-5 

06 ome — 25  lhouw 10 
0-5 — — — 265 5-2 
; Case 2. 

Expt (8) 7 

0-5 — 2 25 17-0 

0-6 0-5* 2 2-5 18-5 
0-5 2 05 £26 23-7 
0-5 O5ec, 2 15-6 


* Previously heated after dilution to volume to 68° C. for 30 minutes. 


It will be seen that these experiments fully confirm my earlier ones. 
The addition of serum to pancreatic juice increases its lipoclastic activity 
very considerably and this power is not destroyed by heating the serum. 

I have included in the table the action of a few pathological 
specimens of human serum as they were available at the time; the 
results confirmed with pancreatic juice my work, which has in the 
past been mainly performed with pancreatic extracts, in showing that 
in cancer and in certain acute specific diseases the power of accelerating 
lipoclastic activity is less than in normal serum. 

In all cases the pancreatic juice was tested with Congo-red fibrin 
and found to be free from trypsin. Fuld’s casein method led to the 
same conclusion. 


I propose now to take up briefly some of the other statements made 
by Mellanby and Woolley. 


(1) They affirm that lipase cannot exist in the presence of free 


trypsin; that glycerin extracts of pancreas contain lipase, but no ~ 


trypsin, the glycerin exerting an inhibitory action on the conversion 
of trypsinogen into trypsin; and that dilution of such an extract 
removes the inhibition produced by strong glycerin, so that activation 
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(conversion of trypsinogen into trypsin) then occurs which leads to the 
disappearance of lipase. 

In opposition to this I find that my glycerin extracts are not only 
lipoclastic but strongly tryptic. This was tested without dilution by 
placing drops of the extract on plates of serum solidified by heat and 
noting the liquefaction which rapidly occurred. In glycerin it appears 
therefore that the two active enzymes exist side by side in some sort 
of balance or equilibrium. When the extract is diluted with water 
and incubated at 37 C. the lipoclastic action is somewhat reduced, but 
I have never noted its complete disappearance; I append a typical 
experiment : 


Emulsion Time 
Incubated for 23 hours 0-7 c.c. 2-5 0.0, 18 hours 8-4 ¢.0. 
5 ” 35-2 
Not incubated 0-7 2-5 12-3 
3 41-2 


(2) They consider that serum acts on pancreatic extracts apparently 
as @ co-enzyme merely because it contains antitrypsin, and this protects 
the lipase from the destructive action of trypsin. 

My pathological work assists in deciding whether this view is a 
feasible one, for it has been my routine practice to examine the anti- 
_ tryptic power of a serum in addition to its action in accelerating lipo- 
 Clasis. In progressive and advanced cases of cancer the lipoclastic 
acceleration of serum is decreased, whilst the antitryptic index is high; 
if on the other hand improvement or recovery occurs, the lipoclastic 
acceleration rises, and the antitryptic power falls to normal or sub- 
normal. The same holds good in the acute and convalescent stages 
respectively of certain infectious fevers, so far as I have examined 
them. If antitrypsin exerted a protective action on lipase, one would 
expect a high lipoclastic acceleration with a high antitryptic power, 
and a low lipoclastic acceleration with a low antitryptic power, whereas 
exactly the reverse obtains. : 

In support of my view that lipoclastic acceleration is not due to 
a protective action of antitrypsin I would point out further that when 
serum is heated, and antitrypsin thereby destroyed, its lipoclastic 
accelerating power is the same, or even greater than in the unheated 
serum. 

(3) They consider that there is no evidence that the lipase of the 
juice can be separated into enzyme and co-enzyme. : 

By adding enterokinase to the juice in the way described by 
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Mellanby and Woolley, I have confirmed their statement that the 
trypsin so formed exerts a destructive action on the lipase present 
originally. But I have not found lipase to be present in the fresh juice 
in any considerable amount. My suggestion therefore is that it exists 
largely in the form of inactive or pro-lipase, which is activated on 
the liberation of its natural co-enzyme, or by the bile calts it meets 
in the duodenum, or by a substance or substances (like auxo-lipase) in — 
the serum. I have found further that boiled aqueous extracts of the 
duodenal mucous membrane act in a similar way, but this action is — 
slight when extracts of the mucous membrane of the lower small 
intestine are employed. It would therefore appear that there are 
agencies at work in the small intestine which by activating lipase, 
counteract or over-balance the destruction of lipase by trypsin; other- 
wise it is difficult to understand how the digestion of - can go on in 
this portion of the alimentary canal. 

I believe also that I have evidence that pancreatic juice contains 
& co-enzyme in addition to the enzyme proper, and the two can be 
separated by the agency of heat, Mellanby and Woolley find 
that the lipase of the juice is completely destroyed by heating it to 
60° C. for five minutés; this I have confirmed except that in my 
specimens five minutes’ heating to this temperature-did not prove to 
be quite long enough, but 15 minutes heating completely destroyed 
lipoclastic activity. Knowing, however, that the co-enzyme in pan- 
creatic extracts is thermostable like the majority of co-enzymes, I 
argued that if the co-enzyme is present in the juice, it would still be 
present after the application of heat, and therefore the addition of the 
heated juice to the fresh juice should accelerate the lipoclastic activity 
of the latter. I found that this is actually what did occur; the result 
is shown in the following protocol of one of three ee: the 


other two gave corresponding results. 
Neated after 
(heated after N 
Pancreatic KOH 
0-5 26.0, 2500. I8hours 20cc. 
ConcLusIoNs. 


one and can be demonstrated not with 
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2. This is not due to the antitrypsin in the serum protecting the 
lipase from destruction by trypsin, because antitryptic power and the 


_ power of accelerating lipoclastic activity do not always run parallel 


with each other; moreover, serum which has been heated to a tempera- 
ture which destroys antitrypsin is still capable of accelerating the 
lipoclastic activity of the juice and pancreatic extracts. | 

‘8. The lipoclastic activity of the fresh juice is always low, and | 
evidence is adduced that the enzyme in the fresh juice is mainly in an 
inactive condition (pro-lipase); after the juice has been heated to 
destroy its lipoclastic action, the thermostable co-enzyme is still 
present and the addition of such juice to fresh juice, accelerates’ the 
of the latter. 
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OBSERVATIONS UPON THE BODY TEMPERATURE > 


OF EUROPEANS LIVING IN THE TROPICS. By 
WILLIAM JOHN YOUNG. 


(From the Australian Institute of Tropical Medicine, N. Queensland.) 


Many observations have been made in different parts of the world to 
ascertain whether the mean body temperature of Europeans living in 
tropical countries is markedly different from that which is found in 
temperate climates. It is not necessary here to.recount the literature 


on the subject as a summary has been published by Pembrey4, 2) . 


and also by Castellani and Chalmers(s). The records published 
by different investigators donot always agree. The majority state 
that the effect of tropical heat is to raise the mean temperature of the 
body of Europeans by a small amount, less than one degree Fahr., and 
_ this rise is usually said to be more marked during the first few weeks 
of residence in the tropics. On the other hand there are many who 


declare that they have found no indication that the body temperature 


is any higher in the tropics than in Europe. 


These conflicting statements must be attributed to the conditions 


under which the temperatures were observed. In most cases the 
temperatures were taken in the mouth or in the axilla, and only in 
a few cases in the rectum, as most observers have assumed that in a 
warm and moist atmosphere the temperature of the mouth may be 
taken as a reliable index of the internal temperature of the body. The 
figures recorded below, however, show that this is by no means the 


case, and observations taken i in the mouth alone, will lead to fallacious 
conclusions. 


Another source of error may be due to the fact that the body 


temperature of a healthy person varies considerably during the 24 
hours, even when no voluntary muscular work is performed. With 
exercise this variation, even in a temperate climate, is much greater, 
and in a hot climate a considerable rise of rectal temperature is produced 
by a very small amount of muscular effort. The calculation of a mean 
body temperature from a series of observations taken at intervals during 
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the day, is thus likely to yield very discordant results. Such a mean 
temperature, moreover, is in itself of little value, since it gives no 
‘indication of the changes which may take place, and it seems therefore 
more rational to determine the range of variation of body temperature 
in health. | 

In Europe, the effect of high temperature and moisture upon the 
body temperature has been investigated by Haldane). His obser- 
vations made in mines and Turkish baths showed that the determining — 
factor is the absolute temperature of the wet bulb thermometer, the 
difference between this and the dry bulb reading being without influence. 
During rest in still air he found that a wet bulb temperature of about 
88° F. (31° C.) could be borne without any abnormal rise in rectal 
temperature, but when the wet bulb thermometer rose even one degree 
above this, the rectal temperature commenced to rise and continued 
to go up steadily. During muscular work the limit was much lower, 
whilst a higher wet bulb temperature could be borne when the air was 
in motion. He found also, that in hot moist air the mouth and rectal 
temperatures tended to get closer together, and this observation was 
confirmed by Collis and Pembrey@) i in @ series of experiments on 
the temperature of operatives in cotton weaving sheds. The last 
workers, however, found that even with a high wet bulb temperature 
there was still, in most cases, an appreciable difference between the 
mouth and rectal temperatures. 

The present paper contains a number of observations upon the 
temperature of the rectum, mouth, and in some cases the urine of six 
white persons (males) living on the coast of Queensland in latitude 
19° 8’ S., the object being to ascertain the daily variations which occur 
in white people living an ordinary active life in a tropical climate with 
a high degree of humidity. 

Tropical Australia differs from most other places in the Tropics in 

_ that there is practically no coloured population, and the whole of the 
work is carried out by white people, who conform to the same working 
hours as in temperate climates. The climate is a typical monsoonal 
one, the rainy season occurring during the hot months of the year. 
_ The observations were made in Townsville, where from November to 
April the wet bulb thermometer seldom falls below 70°F. in the day- 
time, and on many occasions rises above 80°. A detailed account of 
the meteorological conditions for 1913 and 1914 has been published by 
Taylor and Young@é); the mean temperatures for the hot season, 

Nov. Ist, 1913, to April 30th, 1914, were: 
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“9am. 12 noon apm 6 p.m. 9 p.m.*. 


Dry bulb 833 84-3 86 79-2 
Wet bulb 74:7 75-9 758 74-4 752 


* The 9 p.m. temperatures were not observed at the Institute but were obtained 


” During this period the wet bulb, between the hours of 9 a.m. and 


6 p.m. fell below 70° only upon six days. The conditions thus offered 
a good opportunity for studying the effects of a hot humid climate upon 
the body temperature of white persons living continuously in it. 

The subjects of the experiment were the Institute Staff who had 


_ resided in Tropical Queensland for periods varying from one to four 


years, and who were engaged in ordinary laboratory occupations. 
The temperatures were taken by means of half-minute thermometers, 
which were carefully checked against a Kew-certificated thermometer. 


In every case the thermometer was allowed to remain under the tongue 
or in the rectum for at least three minutes, and if any doubt existed the - 


thermometer was replaced and left for another three minutes. For 
the urine teniperatures the thermometer, previously warmed in the 
mouth, was held in the stream of urine as it issued from the urethra. 


As the quantity of urine passed during the hot weather when the 


slightest exertion caused profuse sweating was very small, it was only 
possible to record urine temperatures three times during the day. In 
every case the temperatures were taken at fixed times of the day for 


a period of at least eight days, and the averages of the readings for each 
time of day calculated. 


The air temperatures were recorded with standard 


supplied by the Meteorological Bureau of the Commonwealth of 


Australia, and were kept in the open in a standard weather screen. 
The laboratories are all fitted with doors and windows, which open — 


out on to a verandah extending around the building, and are always 
kept open so that the air conditions are practically the same as those 
of the outside. Similar conditions are found in the dwelling houses, 
which are plentifully supplied with doors and windows, open day and 
night, so that the subjects were practically living in the outside air. 

Table I gives the averages obtained with one subject for different 
periods each of several days. They show that under similar external 
conditions the average figures obtained over different periods of 
observation, were practically identical provided that each series of 
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observations extended over at least a week. Thus with Series 1, 2 
and 3, all taken during the hot season, the first only covered three 
days and gave lower averages generally than the second and third 
series which extended over 8 and 22 days. The averages for these 
two longer periods, however, were practically the same. Series 4 and 
5 each of eight days also agree very well together; these were obtained 
during the cool season and thus show differences from the hot season 


In Fig. 1 are plotted the rectal and mouth temperatures of one 
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subject Y during a period of two days taken at random from the obser- 
vations of the second series, whilst the broken line represents the 


averages of the rectal temperatures of the same subject for the 33 days — 


of Series 1, 2 and 3. 

In Table II are collected the average temperatures of the mouth, 
rectum, and in some cases also of the urine of the six persons over 
periods of at least a week in each case. 

The temperatures at the same hour of the day varied considerably 
in the same individual, this variation, given in the tables as range, 
being as much as 3° F. in some cases. The temperatures upon rising 
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in the morning ‘were low in every case (about 98° rectal), but the 
exertion involved in dressing, breakfasting and walking to the labora- 
tory, in no case more than 10 minutes’ gentle walking, gent the rectal 
temperature above 99°. 
In the case of subject B, horse exercise was taken every morning 
between six and seven o’clock, and this caused a marked rise in rectal 9 
temperature, which remained high afterwards so that his temperature 
was always higher at eight to ten o’clock than that of any of the other 
subjects. On three occasions upon which this exercise was omitted 
the rectal temperature at the same time was only 99-6°, similar to that — 
of the other subjects. | | 
During the morning the temperatures only varied very slightly 
(Table I). A rise was noted between one and two caused by going ~ 
out for the midday meal, in no ~— than 10 minutes’ walk each 
re 


way, and the temperatures then ed with little alteration during — 
the afternoon, commencing to fall again during the evening. : | 
Taste 
Subject Mouth Rectum Urine 
B. 1-7° F. 25°F. 
1-7° F. 2-1° F. 
x, 2-0° F. 2-8° F. 2-4 
N. 1 3° }-4° 
1-9° F. 2-2° F. 16 
Taste [V. Rest. 
Air 


1. Y. 112-14 Spm, 988 


2. Y. 162-14 Spm. 984 


3. P. 21-2-14 Sam. 97-5 978 
2pm. 981 79-6 Rest all morning. | 
4 2214 Sam. 976 987 
2pm. 980 40 762 
5. N. 163-14 Sam. 978 985 
6. T. 


164-14 Sam. 968 98-2 
820 743 


7. B. 22-2-14 2pm 995 100-2 : 
6pm. 990 994 840 80-1 Rest from 2 to 6 p.m. 


4 
> a 
= 
AN 
4 
5 
4 
3 
: 
3 
; Subject and date Time Mouth Rectum Drybulb Wet bulb 
a 82-5 77-2 Rest after 1 p.m. 
83°5 76-0 
> 
y 
4 


: 


OT 


‘urd 20338 


“wird OFF 


15—-2 


b's 
| 4 
> 
4 
* ‘ > 
| 
| silt e © ® 
: @ 4 
se 
$5 $5 855358 8 888 
22 22 22 38 2 
AOraa a as ad ao 
4 
N N N A 
— 
| 


230 YouNne, 


The average daily range is given in Table III, but on frequent 
occasions the rectal temperature varied as much as 4 to 5° F. during 
the day. 

Some observations taken during the cool-season when the wet bulb 
temperature was lower, are included in the tables, series 4 and 5, 
Table I, and the last three cases in Table IJ. A comparison of these 
with the figures of the same individuals during the hot season shows — 
‘ that the chief difference is in the average temperature at six o’clock 
p.m. which is lower, the body cooling down more rapidly than in the 
hot weather. It must be borne in mind that during this season thicker 
clothing is usually worn than during the hotter months. 

A few observations were made during complete rest, and also after 
exercise, and some of these are given in Tables IV and V together 

with the mean air temperatures during the periods. | | 


Disoussion oF REsvtts. 


The figures in the tables show that the rectal temperatures were 
always higher than those of the mouth, a difference which varied con- 
siderably with different individuals. It is well known that in temperate 
climates the mouth temperature is not reliable as an index of the 
internal temperature of the body, and Pembrey and Nicol(4y and 
others have shown that the effect of exercise may cduse the mouth 
temperature actually to fall whilst the rectal temperature rises consider- 
ably. On the other hand it is generally stated in the literature on the 
subject, that in the Tropics where the inspired air is warm and moist 
these differences do not exist, and the temperature of: the mouth 
approximates closely to that of the rectum. The observations recorded 
above show, however, that this is not the case. Even on waking in 
the morning the difference between the average of the mouth and — 
-Tectum in some individuals was more than 1° F., whilst the difference 
was much greater after exercise than when at rest, amounting frequently 
in certain subjects to as much as three degrees. _ 

__ Table V, No, 10, is an example in which a difference of 1-8° was 

observed between rectum and mouth after exercising the arms vigor- 
ously for 10 minutes, the air temperature at the time being 95° and 
the wet bulb 79°. This is not in agreement with the observations 
made in India by Crombie (quoted by Castellani and Chalmers(5)) 
_ who, as the result of fifteen determinations, found the average difference 
between the temperatures of the mouth and rectum to be only 0-22° F. 
The explanation of this discrepancy may be found in individual 
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peculiarities: It has been noted already that the difference varied 
considerably with the individual, and in some cases during complete 
rest the temperatures of mouth and rectum were not very far apart, 
whilst in others even at rest differences of more than 1° were recorded. 


A similar difference in individuals was also noticed by Haldane(é6). 


Reference may be made here to a recent study by Chamberlain(7) 
of the effect of the tropical climate upon soldiers of the United States 
serving in the Philippines. He made a series of observations on the 
mouth temperatures of 600 men at quarterly intervals over twelve 
months, and obtained a mean temperature of 987°. The mean mouth 
temperature of 473 soldiers observed immediately after drill upon 
two occasions, he found to be 98-96° and 98-78°. For comparison 
he quotes the average of 26 soldiers recorded in Vancouver with an 
air temperature of 50°, and which was 98-7° before and 98-8° imme- 


diately after an hour of drilling. From these figures he concludes that 


the mean normal temperature for white men living in the Philippines 
differs very little from that found in the cooler climate of the United 
States. Ifin the same way the mean be calculated of all the observa- 
tions in the present paper at one particular time of day, say 6 p.m., 
it is found to be 98-7° mouth, and 99-9° rectuni, a difference of 1-2°. 
It therefore seems improbable that the figures quoted by Chamber- 
lain(7) are of much value as a true indication of the internal temperature 
of the body, especially those taken immediately after drill. 

The urine temperatures, when Speeeyes, were usually between those 
of the mouth and the rectum. — 


than that of the rectum. These occasions were always late at night during the cool 
season, when the subject had been sitting still for some hours and the body was cooling 
down fairly rapidly. The bladder was full of urine, the temperature of scesanunionatead 
agged behind that of the body. | 


Observations seem to be lacking as to what may be considered the 


~ normal limits of rectal temperature of persons living an ordinary active 


life in a cool climate. Pembrey gives @ mean maximum of about 
99-5° occurring in the afternoon, and a minimum of about 96-8° oceurring 
in the early hours. of the morning. These, however, represent. the 
temperatures during rest, and Pembrey and his co-workers have 
observed rectal temperatures as high as 101-3° after moderate exercise 
such as walking.. Haldane and Pembrey (quoted by Haldane(6)) 
on @ summer afternoon found the average urine temperature of a 
number of soldiers doing no muscular work to be 99-65°, with a maximum 
of 100-8°, These figures led Haldane to conclude that “thé upper 


| 
4 
oa 
aq 
a 
4 
A 
( 
a 
| 
4 
6 


230 | J. YOUNG. 


limit of what may still be regarded as a normal temperature must not 


_ be placed too low, certainly not below 101°.” The tables given above 
show that during an ordinary day’s occupation in the laboratory, the 


average temperatures come within this limit. Rectal temperatures of 


101° were observed on several occasions in two of the subjects, B and 
T, without any special exercise having been performed, and also after 
exercise in subjects B, T and Y. The highest temperatures recorded 


were 102° upon two occasions in T, after walking at a leisurely pace 


for about half an hour, whilst 101-8° and 101-7° were found in three 
subjects, B, T and Y after exercise. In all these instances profuse 
sweating took place but no other discomfort was experienced. During 
complete rest the figures were within the range found by Pembrey 


and Nicol). The tables further show that the rise of temperature — 
produced by exercise is maintained for some time after the exercise — 


- 


has ceased, the body cooling down very slowly. x a 


| ConcLusions. 

1. The temperature of the mouth of Europeans living in the 
Tropics is often consiflerably lower than that of the rectum, and this 
difference is generally much more marked after exercise just as in 
temperate climates. The temperature of the mouth is thus not reliable 
as a measure of the body temperature. | | 

2. . During complete rest the rectal temperature did not show any 
marked variations from the limits of temperature observed in Europe. 

3. A considerable rise in the rectal temperature was produced by 
slight muscular work, and this was usually maintained for some time 
after the work had ceased. De ; 

4, The high rectal temperatures observed throughout the day 
were due solely to muscular exertion. | 


M8 Pembroy. Article on “Animal Heat” in SchAfer's Text Book of Physick 


(2) M8, Pembrey. Article on “Temperature” in General Pathology—Edited 
Pembrey and Ritchie, 1913, by 


(8) Collisand Pembrey. Proc. Physiol. Soc. p. xi. 1911 (this Journal, xum.). 


(4) Pembrey and Nicol. This Journal, xxm. pp. 788, 798. 

(5) A. Castellaniand A. J. Chalmers. Text Book of Trop, Med. 1913. 

(6) J.8. Haldane. Journ. Hygiene, v. p. 494. 1906. | 

(1) W. P. Chamberlain. Amer. Journ. Trop. Dis, and Prevent. Med. 1. p. 12. 1913. 
' (8) FH Taylorand W. J. Young. Journ. Trop. Med. and Hyg. 1914. 
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THE MECHANICAL REGULATION OF THE HEART 
BEAT IN THE TORTOISE, Br 8. KOZAWA, MD. 


(From the Institute of Pei, University College, 


In recent papers(1) from this laboratory on the regulation of the mam- 
malian heart beat, it has been shown that the heart is able to adapt 
its performance to the varying demands made upon it, either by in- 
creased peripheral resistance or by increased diastolic inflow, so that 
alterations in arterial pressure within wide limits do not alter the 
ventricular output, while the heart is able to deal with and send on 
into the arteries whatever blood it receives from the veins, and so is 
able to increase its output in proportion to increased inflow. The 

ining factor in this adaptation has been shown to be the dilata- 
tion of the heart cavities rather than the pressure within them, so that 


it was concluded that it is length rather than tension of the muscle 


fibres which determines the energy of their contraction. The heart 
muscle of mammals is therefore subject to the same laws as those 


‘determined by Blix and by A. V. Hill for the mechanical and thermal 


response to excitation in frogs’ skeletal muscle. 
- The work on the warm-blooded heart suffers from the ccbuietiaie 


that it is not possible, without seriously interfering with the physio- 


logical condition of the heart, to obtain a true isometric contraction. 
Moreover alterations in the volume of inflow bring about corresponding 


alterations in the pulse pressure, so that the heart beat and the tension 


on the cardiac muscle with a low inflow are not strictly comparable 
with those occurring under conditions of large-inflow. Both these 
drawbacks can be avoided by having recourse to the heart of cold- 


‘blooded animals, such as the frog and tortoise, where, as Frank@) 


has shown, it is possible to investigate either the isometric or the isotonic 


- response of the heart under varying conditions of inflow, tension and 


filling, and arterial resistance. The attempt by Rohde) to obtain 
the same conditions in the ore heart cannot be — : 
as altogether successful. 
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At Professor Starling’s suggestion Ihave therefore attempted to 
discover whether a reinvestigation of the contraction of the cold-— 
blooded heart by methods somewhat similar to those employed by 
Frank might not result in @ confirmation of the conclusions arrived at — 
by the authors named in their work on the warm-blooded heart, and 
whether it might not be possible to get a clearer idea of the conditions 
of activity of the heart muscle by an investigation of its action in an 
animal in which our methods of experiment would be physically more 
perfect than was possible in the warm-blooded animal. - I especially 
desired to find whether in the frog’s heart the determining factor for 
_ the energy of the contraction was to be regarded as the initial tension 

or the initial length of the muscle fibre. 


I. ConTRACTION. 


In. the tortoise heart I have investigated the relationship between 
the filling and the pressure during diastole and the pressure developed 
during systole, the filling representing the length of the muscle fibres 
while the pressure developed represents the tension exerted by these 
fibres. 

The arrangement of the experiment is similar to that adopted by 
Frank. The isolated ventricle of the tortoise is tied on to a Kronecker’s 
perfusion cannula, which is introduced through the atrio-ventricular 
orifice. The aorta is ligatured (Fig. 1). One branch of the cannula 
is connected to a Hiirthle’s manometer, 7, by means of a lead tube. 
In the course of this tube is placed a three-way glass tap A. The 
other branch is- connected by a lead tube with another three-way 
tap B. By this tap the tube is in connection with a reservoir R, and 
@ measuring tube formed by a 1 c.c. pipette graduated in ;4,ths, M. 
Both the latter are filled with Géthlin’s modification of Ringer’s 
solution. After tying on the heart, the Ringer’s solution is allowed 
to flow freely from the reservoir R through the heart to C.. When 
the beats of the heart are regular, tap B is turned off, and when the 
heart has thoroughly emptied itself, the tap is turned so as to put its 
cavity in connection with the Hiirthle manometer. If the lever of — 
the tambour shows no movement, tap B is turned so as to allow the 
desired quantity of fluid from M to run into the ventricle. As soon 
as the heart contains some fluid, its contractions are recorded: by 
movements of the membrane of the manometer, which are recorded 
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on a slowly moving drum. In this way we can obtain the isometric 
tracing of the ventricular contraction with gradually increasing filling 


Fig. 2. of toric heart (apper curves = 
ae The figures refer to the volume of © 
the heart contents. 


‘Olc.c. at a time; heart the Suid is sdinitted 


+ 
“ 
‘ 
‘ 
. 
a 
4 
a 
4 
¥; 
4 
‘ 
ima 
- 
+g 
td 
ig 
2 
ia 
J 
| 
} 
¥ 
3 
4 
q 
£ 
it 


-2 6.0, at a time, a tracing of the ‘contraction being taken with each” 
degree of filling. That the curves are really isometric may be shown 
by enclosing the heart in a plethysmograph by the method described 
later on in this paper. This is shown in the tracing given in Fig. 2. 
_ It will be seen that as fluid is allowed to flow into the heart, the volume 
increases at once, but the change during each beat (due to the slight 
movement of the rubber membrane of the manometer) is not noticeable. 
The absence of change of volume is a satisfactory control of the rigidity 
of the tubes connecting the heart with the manometer. 

Thus no appreciable alteration in the volume of the heart takes 
place when it contracts and gives an excursion of the manometer lever. 
In this way we obtain curves an example of which is given in Fig. 3. 
The results of two such experiments are given in the following tables. 


ventricle in ¢,c, 


Exp. 1. Room temp. 12°-15°C. 


0-4 0-5 ee} 10-7 
0-8 1:3 18-0 16-7 
1-2 1-5 26-4 24-09 
2-0 - 2-3 36-1 33-8 
3-4 15-0 52-0 870. 
3-6 24-0 59-0 356-0 
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0-5 1-0 17-3 16-3 
10 36-3 34-6 

1-5 2-0 45-0 43-0 

2-0 3-3 46-3 43-0 

26 3-4 46-4 43-0 
#0 47-5 43-5 
8-5 42-0 33-5 
15-0 

4-3 20-0 50-0 30-0 


It will be seen that as the filling of the ventricles gradually increases 
there is a slight increase in the diastolic pressure within the heart 
cavity, so that the ventricular muscle commences to beat with a certain 
positive tension. On the other hand, the maximal tension developed 
during- the contraction rises rapidly with increased filling of the 
ventricles, and this rise applies not only to the maximal tension 
developed but also to its “absolute value,” 7.c. the difference between 
the diastolic and the systolic pressures. As the filling is increased beyond 
a certain limit, which varies with the size of the heart but in the two 
experiments quoted was about 3 c.c., the initial or diastolic pressure 
begins to rise rapidly, while the rate of rise of the maximal pressure 
developed slows off, so that the absolute value of the pressure developed 
during the contraction diminishes. We may therefore in the tortoise, 
as in the warm-blooded heart, speak of an optimal state of distension 
of the heart cavities, or an optimal length of the muscle fibres. Thus 
the tension of the muscle fibres with increasing dilatation becomes less 
and less effective in producing a mechanical change which would be 
effective in carrying out the work of the heart. The relation between 
volume of the heart and initial and final tensions is shown in Fig. 4, 
where the ordinates represent the volume of the ventricle and the 


abscissa represents pressure developed during diastole and during 


systole. 


It is evident from this diagram that with increasing filling up to a 
certain point the absolute tension developed by the isometric contraction — 
of the heart muscle increases to a maximum. Beyond this point the 
absolute tension begins to diminish. Before this optimum is arrived 
at the filling is always such as to produce a certain small positive 
pressure in the ventricles during diastole; but whereas the rise in 
absolute tension is at first proportional to the increase in the volume 
of the heart and in the length of its fibres, there is no such close relation 
between initial tension and final tension developed, so that when an 
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appreciable rise of initial tension really occurs, the ventricular muscle 
is already approaching the limits of its performance. 


20 


[ 


as 


4,0 


40 2S 30 85 


Fig. 4. Diagram showing relation between filling, initial tension and final tension in 


60 
got 


Fig. 5. Diagram showing relation between filing, initial and inal tensions in heart 
“The effet of carbon dioxide, It has been shown by Pathabecni 
that any increase in the carbon dioxide tension of the blood circulating 
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through the warm-blooded heart causes diminished functional capacity 


of the heart muscle, so that to develop the same amount of energy the 
muscle fibres have to be longer and the heart therefore dilates. The 
same story is told by a record of the isometric contractions of a tortoise 
ventricle fed by Ringer's solution which has beén shaken up with a 
mixture of carbonic acid gas and air. The results of such an experiment — 
are shown diagrammatically in Fig. 5. It will be seen from this that 
the response, t.¢. the pressure developed during contraction, remains 


_ still small with a filling of 1-5c.c., which pféduced an almost maximal 
systolic pressure in the experiment recorded in Fig. 4. With increasing 


filling there was a slight increase in the amount of energy set free but 
the rise of the lines showing systolic and diastolic tensions respectively 
will be observed to run almost parallel. The maximal absolute tension 
was obtained with a filling of 3-5c.c., ee 


tension was s already over 30 mm. Hg. 


II. Isorontc ConTRactTIon. 


In order to obtain isotonic contractions of the heart and to determine 
their relation (a) to filling, (6) to arterial pressure, the heart was placed 
in an oncometer connected with a piston recorder. The arrangement 
of the experiment is shown in Fig. 6. 

- The isolated ventricle, V, of the tortoise heart is tied into a perfusion 
cannula. One limb of the cannula is connected by means of a rubber 


tube to a Marriotte’s flask filled with Ringer’s solution and serving as — 


a reservoir. The other limb is connected by a piece of rubber tubing 
to a glass tube, d. This tube leads into a vessel C, the lower two-thirds 
of which contains mercury and the upper third Ringer’s solution. By 
means of a screw adjustment the vessel C can be moved up or down, 


so that the tube d dips into the mercury to any desired extent. Both 


the tubes attached to the limbs of the perfusion cannula are provided 
with valves of goldbeaters’ skin, which present practically no resistance 
to the flow of fluid but allow the flow to occur only in one direction, 
namely, from the reservoir to the heart and from the heart to the tube 
dipping into the vessel C.. The use of the vessel C is to give a pressure 
of any desired extent which the heart must overcome to expel fluid. 
It represents an adjustable arterial resistance. The oncometer is made 
of a thistle funnel, over the mouth of which is stretched a thick rubber 
membrane. The cannula and heart are passed through a hole in this 
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membrane, which is then tied tightly round the cannula. Variations 
in the size of the heart are recorded by means of a piston recorder 
attached to the oncometer. - 

(a) Reaction of the heart to varying arterial resistance. By this 
arrangement it is possible to investigate whether the reaction of the 


tortoise heart to varying arterial resistance is the same as that of a 


mammalian heart. If the venous pressure, represented by the height 


4 


Fig. 6. Arrangement of apparatus for recording volume changes of tortoise heart, with 
variable filling and variable arterial resistance. ie 


of the inflow from the Marriotte’s flask, and the temperature are wiain- : 


tained constant, shall we find the output within wide limits independent 
of the arterial pressure? That this is the case is shown by the following 
record of two experiments. 

In Exp. 3 the output remained practically constant between arterial 
pressures of 12 and 32 mm. Hg., i.e. 68¢.c. per minute. In Exp. 4 
the output was constant between 91 and 9-4 c.c. per minute between 
arterial pressures of 6 and 16mm. Hg. With a very low resistance 
the fluid could flow freely from the flask through the ventricle to the 


cylinder during diastole, so that the output measured by the fluid 


; 
ta 
é 
we 
+) 
; 
AN\AAS 
4 
il 
4 
= 
we 
2 
a 
ul 
7, 
ag 
> 
Ag 


REGULATION OF HEART BEAT. 241 


3, Height of inflow 7 om. H,0. Tomp. 
“Eee. Height of inflow 70.0. H,0. ‘Temp. 18°-19° C. 


Exp. 3. Exp, 4. 

4 2 Ol 
8 70 6 92 
6 68 12 9-4 
20 6-8 14 9-4 
24 6-8 16 9-2 
23 6-8 9-0 
32 6-8 24 85 
38 6-4 28 8-4 
“a 6-0 32 81 
50 52 36 8-0 
62 4-4 70 
10-4 52 61 


(return) 10-5 


dropping from the side tube of the vessel C no longer gave the true 
systolic output of the ventricle. In this case the aortic pressure is 


_ lower than the venous pressure, a condition which never occurs under 


normal circumstances. When the resistance is still further increased 
the output diminishes in proportion to its height, ¢.e. the systolic volume 
is increased to such an extent that the difference between the diastolic 
volume determined by the venous pressure and the systolic volume 
determined by the pressure which the heart has to overcome is 
insufficient to maintain the previous output. : 

_ Up to the optimum limit there is with rising arterial resistance 
increase both of systolic and diastolic volumes, but so long as the output 
remains constant the volume change at each beat is also constant. 
Above the limit, in Exp. 3, 32 mm. Hg. and in Exp. 4, 16 mm. Hg., 
the change in volume diminishes in proportion to the diminution in 
the output. The results obtained in this series of experiments there- 
fore corroborates the conclusions arrived at from a study of the isometric 
contractions of the heart under varying conditions of distension. The 
adaptation of the heart muscle to wide variations of resistance is 


carried out by a variation in the length of the muscle fibres, the energy - 


of contraction being proportional within limits to the length of these 
fibres. 

(6) The reaction of the heart’ to variations in the volume of inflow. 
These experiments were carried out in the same way as those described 
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in the preceding section, the arterial pressure being maintained constant 
at a moderate height, while the inflow was varied by alterations in the 
height of the venous reservoir. Under these conditions it is found 
that the diastolic volume of the ventricle and its output increase in 
proportion to the volume of the inflow. The results of Wwo such experi- 
ments are given in the following tables. — 


Exp. 5. Large tortoise heart, Temp. 20°5°-20°C. Arterial resistance 16 mm. Hg. 


reservolr Rate por min. 

2-0 165 
4-8 4-6 
69 
16-0 
16-0 
16-0 
16-0 
216 ; 18-9 16-0 


344 32-0 15-0 


6, Lar Temp, 20°-19° prs Hy 


8-6. 
13-2 135 
160 123 13-5 
18-8 15-1 13-0 _ 
21-6 15-7 
24-4 16-9 “ot 


__ On the other hand the systolic volume remains practically constant 
within wide limits, so that it is the excursion of the cardiometric lever, 
te. the difference between the systolic and diastolic volumes, which 
- Increases in proportion to the increased pressure of inflow. 
- This is seen in the accompanying cardiometric tracing (Fig. 7 . 
This result differs from those obtained by Patterson, Piper and 
Starling on the mammalian heart, in which increasing venous inflow 
always increased the systolic volume as well as diastolic volume, 


although the increase in the latter was the more marked. The results 


obtained in the tortoise heart are due to a more perfect realisation of 
the desired experimental conditions. A contracted muscle fibre has 
a certain length which depends on the tension to which it is subjected. 
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The volume of the heart at the end of systole will depend on the pressure 
in its cavity and therefore on that in the aorta at the end of systole. 
In the mammalian heart lung preparation, although it is possible to 


maintain the mean arterial pressure constant by relaxing the resistance 


with increasing inflow, the pulse pressure, #.¢., the oscillations of pressure 
in the aorta with each heart beat, is increased with increase in the volume 
of the output of the heart. Although therefore the mean arterial 
pressure is the same as before, the systolic pressure is higher and the 
diastolic pressure is lower than with a smaller inflow. The tension on 
the muscle fibres of the ventricle at the end of systole is therefore 


“AR CD 


Fig. 7. Cardiometer tracings of tortoise heart with different venous filling, the arterial 
resistance being maintained constant. Height of venous reservoir above heart, 
A, 20; B, 48; C, 7-6; D, 10-4; E, 13-2; F, 160; G, 188; H, 21-6; J, 24-4; 
K, 34-4 om. | 


" imereased by increasing the venous inflow. Their length, and the 


systolic volume of the heart, must therefore be increased in proportion. 
In my experiments on the tortoise heart the capacity of the tubes 
forming the arterial system is relatively so large and the rate of expul- 
sion of the fluid from the ventricle so slow that the contraction of the 
ventricular muscle is almost perfectly isotonic, the pulse pressure is — 
practically absent, and the arterial pressure can be regarded as constant — 
throughout the whole of systole. If this is maintained constant the 
systolic volume of the heart must also remain constant. The diastolic 
volume of the heart depends however on the venous pressure and will 


‘inerease in proportion to the latter, and the work done by the ventricle 
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therefore increases in direct proportion to the venous filling of the 
heart and to the initial length of its muscle fibres. This is ‘shown in 
the diagram (Fig. 8). 

When the venous pressure becomes too high the contraction becomes 
irregular, so that, as in Exp. 6, its output does not increase proportion- 
ally. On the other hand, in Exp. 5, the venous pressure was increased 
until it finally became higher than the arterial pressure itself and the 
results were no longer of value in throwing light on the waitigd of the 
heart muscle. 

A number of experiments ot the same description as thosk detailed 
above were carried out on the frog’s heart. In some respects they are 
easier than those on the tortoise heart: because of the greater auto- 
maticity of the isolated frog’s ventricle. The results were similar to 


to 


heart per beat, as measured by the comparison of systolic and diastolic volumes. 
Abscissa =ht. of venous reservoir. Ordinates=volume of heart in c.c. 
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those on the tortoise heart, so I have not thought it necessary to quote 
them here. 
We thus find that a renewed investigation of the mechanical condi- 
tions of the heart beat in cold-blooded animals under the more perfect 
experimental control possible in these hearts fully confirms the results 
obtained by an investigation of the warm-blooded heart by means of 
the heart lung preparation. The wonderful power of the heart to 
adapt its performance to variations either in the arterial resistance 
which it has to overcome or to alterations in the amount of blood 
flowing into it from the venous system, is shown to be due to the relation — 
which exists between the length of the muscle fibres and the energy 
evolved during activity. The energy of contraction is thus a function 


of length or extent of active surface of = muscle fibres ripe than “ 
their initial tension. 


P 
> 
*. 
- 
aS 
ig 
+ 
= 
i 
Mj 
a 
3 
x 


‘REGULATION OF HEART BEAT. 945 


Summary. 


1. A study of the isometric contractions of the tortoise ventricle 
shows that the energy of the contraction, as measured by the tension 
: developed, increases with increase in the volume of the heart, 1.¢. the 
a length of its muscle fibres, up to an opaamem, and then rapidly 

ae 2. The i increase in energy of contraction is not dependent on the 
initial tension, since this increases but slowly while the energy of con- 
traction is rising to a maximum, and rises rapidly after the optimum 
length has been surpassed. 

3. The systolic size of the heart varies directly with the arterial 
resistance. The diastolic volume depends on the diastolic filling of 
the heart. The arterial pressure remaining constant, the output depends 
solely on the diastolic filling, the systolic volume being independent 
within wide limits of the diastolic filling. 

4, The mechanical regulation of the heart beat is thus effected in 
virtue of the rule that the energy of contraction is a function of the 
length of the muscle fibres. 

« §, The law of behaviour of the heart deduced from a study of 
the mammalian heart lung preparation is thus found to apply also to 
“the cold-blooded heart. 
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THE FERMENTS OF THE PANCREAS. PART V. 
THE CARBOHYDRATE FERMENTS OF PAN- 
CREATIC JUICE. By JOHN MELLANBY, M_D., ann 
Vv. J. WOOLLEY, M.D. 


_ (From the Physiological Laboratory, St Thomas's Hospital.) 


The action of pancreatic juice on starch 

The action of pancreatic juice on maltose . 

The influenos of neutral salts on the digestion of starch and 

Discussion of results | 


| 


In 1879 Musculus and v. Mering«d) showed that the main product 
of the action of amylopsin on starch was maltose. This result was 
confirmed by the experimental work of Brown and Heron). 


Kiilz and Vogel(s) found that dextrose also appeared among the © 


products of hydrolysis, the amount of dextrose formed being a function 
of the amount of ferment present and the duration of the reaction. 
Miss Tebb(4) deduced that maltase was present in extracts of the 
pancreas and that the production of dextrose was due to the hydrolysis 
of maltose formed by the action of amylopsin on starch. Bierry and 
Terroine(s) found that dogs’ pancreatic juice contains amylopsin 
and maltase, the action of the maltase becoming apparent after very 
faint acidification of the juice. Bierry and Weil(6) investigated the 
action of various amino acids on the hydrolysis of starch by pancreatic 
juice. They found that dicarboxylic acids, like asparaginic acid and 
glutaminic acid, behaved like acetic acid, and gave dextrose as a 
product of hydrolysis, whilst monoamino acids, like glycocoll, assisted 
the formation of maltose, but had no influence on the end point of the 
hydrolysis, and did not cause the production of dextrose. 

The presence of lactase in pancreatic juice has been affirmed by 
Weinland(7) and Bainbridge). The experiments of Bierry(®) 
Plimmer(o), however, led them to a contrary view. 
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Methods, The carbohydrate ferments of pancreatic juice hydrolyse 
complex into simple carbohydrates. It has been found by experiment 
that this hydrolysis is associated with the production of reducing 
sugars, the more complete the hydrolysis the greater the capacity of 
the products formed to reduce alkaline solutions of copper sulphate. 
Therefore, in the experiments recorded in the following pages, the 
ferment activity of a fluid was determined by estimating the reducing 
power attained by solutions of carbohydrate to which it had been added. 

The method used for the determination of the amount of reducing 
sugar formed by the action of pancreatic juice on starch was one 
deseribed by Wood and Berry 11) in 1903. It consists essentially 


_ of adding 10 c.c. of the solution whose reducing power is to be determined 


to 50 c.c. of boiling alkaline copper solution and continuing the boiling 
for 15 minutes. The cuprous oxide is then filtered on to asbestos felt 
contained in a Gooch crucible, washed with boiling water, and transferred 
to a small flask containing 25c.c. of 2-5%, ferric sulphate dissolved 
in 25°, sulphuric acid. The cuprous oxide readily dissolves in the 
sulphuric acid and reduces an equivalent amount of ferric sulphate 
to ferrous sulphate. The amount of ferrous sulphate formed is directly 
determined by titration with potassium permanganate (-5°/,). From 


_ @ series of standard experiments the amount of reducing sugar in the 


solution may be directly estimated. The copper solution used by 


_ Wood and Berry was originally described by Soldaini(2), and may 


be made by dissolving 23-5 grms of copper sulphate, 250 grms of 
potassium sulphate, and 100 grms of potassium bicarbonate in 1 litre. 
This solution ‘keeps much better than that of Fehling and a given 
weight of sugar reduces nearly twice as much copper as it does from 
the latter. | | 

A method similar to this was described by Bertrand) in 1907 
but it has the disadvantage that Fehling’s solution is used instead of 
that suggested by Soldaini. This method of Wood and Berry is 
extremely accurate, the amount of cuprous oxide formed being exactly 
proportional to the quantity of reducing sugar present in solutions 
varying in strength from 1 °/, to 1%, dextrose. With the permanganate 
solution used (-5°/, approximately) 10c.c. of -66%, dextrose were 


equivalent to 19¢.c. of permanganate solution and 10c.c. of similar 


concentrations of lactose and maltose were equivalent to 10-6 c.c. per- 

manganate, 
The accuracy of the method may be seen from the two following 

estimations of dextrose. _ | 
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248 MELLANBY AND V. J. WOOLLEY. 
| (A) 10.0, 06 dextrose = 19 0.0, KMnO, (B) =2878. 
(0) 10.0. 15 jy dextrose = 14-3 0.0, KMnO, (D) 7 +2800, 
The difference between the two results is less than one per cent. 


The ratio of dextrose to maltose using this method is 100 to 55-8, and, 


since lactose has the same reducing power as maltose, the same ratio 
holds good for dextrose and lactose. The disadvantage of the method 
is that prolonged boiling (fifteen minutes) is necessary to obtain a 


maximum production of cuprous oxide, but this delay is of small 
moment when a number of estimations are made since a series of 


determinations may be started at five minute intervals. 


In some cases the achromic method was used for the deter-_ 


mination of the activity of the amylolytic ferment of pancreatic juice. 
Since the achromic times of a ferment starch mixture are profoundly 
influenced by the electrolytes present in solution the results obtained 
by this method may give an erroneous idea as to the course of the 
digestion. These experiments were therefore controlled by a determina- 


tion of the reducing power of the digestion mixtures. In the experiments | 


given later it may be seen that a short achromic time may be accom- 
panied by a comparatively small reducing power, whilst a long achromic 
time may be obtained from a solution which develops a large reducing 
power. The results clearly show that the achromic method is of value 
only when experiments are made in which the sole variables are the 
amount of ferment or the amount of starch contained in the solutions. 

The nature of the sugar produced by the action of pancreatic juice 
on starch was determined from a consideration of the value of the 


reducing power of the solution and the characters of the ozazone — 


crystals, particularly their solubility in boiling water and their crystalline 
form. But since the nitrogen content of the ozazone was not deter- 
mined the evidence from this experiment was not regarded as conclusive 
unless confirmed by a consideration of the reducing power of the solution 
from which the ozazone was obtained. It is evident that if 10 c.c. of 
a -66°/, solution of maltose are equivalent to 10-6 c.c. permanganate, 
then 10 c.c. of a -66 %, solution of starch, which, on hydrolysis, develops 
a reducing power equivalent to 13c.c. permanganate, must contain 
some dextrose among the products of hydrolysis. If on the other hand 
the starch when hydrolysed develops a reducing power equal to 7-6 c.c. 
of permanganate, and the ozazone prepared from the solution shows 
no indication of the presence of dextrose, it may be assumed that the 
hydrolysed starch contains maltose only. | 
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| The action of pancreatic juice on starch. 

The action of pancreatic juice on starch varies according to the 
hydrogen ion concentration of the reacting medium. The following 
experiment illustrates this general statement. To a series of tubes 
containing 15 c.c, of 1, starch a constant quantity of pancreatic juice 
(-5 c.c.) and varying quantities of water and HCl (-1 N) were added to 
bring the total value to 22-5c.c. The achromic times of the mixtures 

-were noted and their reducing powers determined after one and twenty- 
four hours. The pancreatic juice used in this experiment and those 
subsequently described was freed from CO, by heating to 40°C. and 
évacuating the flask containing it. Pancreatic juice when freshly 
secreted is practically neutral in reaction to litmus, but, in the course 
of a few days, it becomes more and more alkaline owing to the evolution 
of CO,. Since all the experiments could not be done at the same time 
this variable factor was removed and the juice used may be considered 
to contain Na,CO, only. 


KMn0, after 
Starch 1% H,O0 “BS. HCI(‘1N) Achromictime thr 24 hrs 
*5 0.¢, 0 11 mins, 5-6 6-9 
2 Imin, 7-6 
6-6 “4 8-2 9-7 
6-5 5 86 110 
” 63 ” 9 » 9-5 12-6 
9 3 hrs. trace. trace 


From these figures it may be seen (a) that whereas the achromic 
time diminishes on the addition of small quantities of acid, larger 
quantities of acid (-0045 N HCl) prolong it indefinitely, the optimal 
quantity of acid being -002 N HCI; (6) that similar facts hold good for 
the reducing powers of the mixtures, but, whereas the abolition of 
the reducing power is caused by the same concentration of acid as is — 
required to indefinitely prolong the achromic time (-0045 N HCl), the 
optimal concentration of acid for the reaction, as determined by the 
reducing power (-0035 N HCl), does not correspond to the optimal 
concentration of acid as determined by the achromic time (-002 N HC\); 
(c) that the reducing powers of the digested mixtures do not approximate 


to the same constant quantity but continually increase, with increasing 


quantity of acid, until the optimal concentration of acid is reached. 
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250 J. MELLANBY AND V. J. WOOLLEY. 
To analyse these results a number of experiments were made in which 


different factors were varied together and independently of one another. 


@ Pancreatic juice variable. To 30c.c. of 1%, starch variable 
quantities of pancreatic juice, and water, were added to bring the total 
volume to 45¢.c. The achromic. times were noted and the sili 
powers determined after 2 hrs., 4} hrs., 24 hrs. and 48 hrs. 
Starch1% HO PJ. time hrs = thre 
1 Bcc. 148 2ec. 40mins 68 6-4 6-9 6-9 


From the above figures it may be seen that in all these experiments 
the reducing power attained approximately the same value after 24 
hours although the amount of ferment contained in (3) was five times 
as great as that contained in (1). That the reaction was complete at 
the end of 24 hours is clear since no further change took place in the 
reducing power after an additional 24 hours incubation. The experi- 
mental results indicate that on the addition of pancreatic juice to 
starch the reaction proceeds to a definite stage as shown by the reducing 
power and then ceases, the degree of action being independent of the 
amount of ferment contained in the digestion mixture. 

(6) Acid variable. To determine the effect produced by hydro- 
chloric acid on the digestion of starch by pancreatic juice, mixtures 
containing constant quantities of starch and pancreatic juice, and 
varying quantities of hydrochloric acid, were made up. The reducing 
powers of these mixtures were determined after 24 hours, a time 
which has been found adequate for digestion to complete itself. | 


Starch P.J. HCi(‘1 N) H,O KMn0, after 24 hrs 
15 .c, c.c. - 70c.c. 78 (X) 
rom 2 6-8 9-5 
3 - 6-7 10-0 
4 66 11-8 
5 65 12-2 
6 12-5 
8 13-3 ( Y) 
9 6-1 4-7 


From these figures it may be seen that the action of pancreatic 
juice on starch as measured by the capacity of the digestion mixture 


to reduce an alkaline copper solution continually increases with 
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increasing strength of acid until a point is reached at which the ferment 
is destroyed by the acid. The great effect produced by the acid may 
be seen by comparing the experimental results (X) and (Y). The 
addition of -0035 N HCl to the mixture of starch and pancreatic juice 
approximately doubled the reducing power attained after a digestion 
period of 24 hours. 

(c) The addition of pancreatic juice to a digested mixture. To 
determine whether the degree of hydrolysis attained by a digested 


mixture depended upon the destruction of the first added ferment an 


additional quantity of fresh pancreatic juice was added to a mixture 
- starch and pancreatic juice which had been digested for 24 hours. 


"Starch 1%, P.J. H,O KMn0,, %hrs 
(X) I6ec. 5 70 78 c.c. 


_ At the end of 24 hours 10c.c. of this digested mixture were taken 


and a further quantity of fresh pancreatic juice added to it equal in 


volume to that already contained in the mixture. After an additional 
three hours incubation the es power of this solution was deter- 
mined. 


KMn0, after Shrs 
Mixture (X) P.J. H,O additional incubation 
10 o.c. 250.0. - ‘40.0, 78 


From the figures it may be seen that the addition of a further 


quantity of fresh pancreatic juice to the digested mixture had no 
influence on the position of equilibrium. Therefore the position of 
equilibrium attained by a starch pancreatic juice digestion mixture is 
not determined by the disappearance of the ferment from the solution. 

(d) The addition of hydrochloric acid to a digested miature. From 
the experiments (a), (b) and (c) above we may conclude that the 
degree of hydrolysis of starch by pancreatic juice is independent of the 
amount of ferment added to the starch but is intimately related to the 
hydrogen ion concentration of the digestion mixture. In the following 
experiment solutions containing a quantity of starch and pancreatic 
juice and varying quantities of hydrochloric acid were incubated for 
20 hours until a condition of equilibrium had been attained. At the 
end of this time the reducing powers of the solutions were determined 
thus: 


7 Starch 1%/ H,O P.J. KMn0, after 20hrs 
(b) 13-8 2 ” 8-7 
(c) 13-6 “4 9-5 
13-4 6 10-0 
() 13-2 8 11-8 

1-4 129 
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22-5 c.c. of each of these digested mixtures were now taken and addi- 
tional hydrochloric acid added to them so as to bring their acid content 


equal to that of (/). 


of these solutions were determined. 


KMn0, after 

KMn0Q, Mixture HC1(‘1N) H,O 4hrs 
22-5 (a) 4 94 
(0) 6 10-6 11-7 
9-5 » (© 5. 10-5 
10-0 3 11-3 15 
3 4 11-3 
129 0 128 12-7 


the mixtures which had already attained a position of equilibrium for 
the concentration of juice or juice and acid contained in them caused 
the hydrolytic change to proceed until it attained a degree approxi- 
mately corresponding to the strength of added acid. The experimental 
results afford a striking confirmation of the hypothesis that the degree 
of hydrolysis of starch by pancreatic juice is independent of the amount 


of ferment present but is intimately related to the hydrogen ion 


concentration of the digestion mixture, the greater the hydrogen ion 
concentration the greater the degree of hydrolysis, always provided 
that the amount of acid contained in the solution is less than that 
required to destroy the ferment. 
(e) The addition of pancreatic juice and acid to digested miatures. 
_ A possible explanation of the results obtained in the previous experi- 
ments was the destruction of the ferment by the products of the action, 
a destruction which occurred with diminishing velocity the greater the 
hydrogen ion concentration of the starch ferment mixture. To test 
this hypothesis additional pancreatic juice and hydrochloric acid, *in 
quantities equal to those already contained in the solutions, were 


added to mixtures which had previously attained a condition of — 


equilibrium during a period of. 24 hours incubation. To take a 
_ concrete example for the purpose of explanation: -5c.c. of pancreatic 
_ Juice and -2 ¢.c. HCl (-1 N) were added to 15..c. of starch 1%, and the 


volume. was made up to 22-5c¢.c. with water. After 24 hours the 


reducing power of 10 c.c. of this solution was equal to 9-5 c.c. of KMnQ,. 


To a second 10 .c. of this digested starch -25c.c. of pancreatic juice 


and -lc.c. of HCl (-1N) were added (i.e. quantities approximately 
equal to those already contained in the digested starch. mixture). 


After three hours’ incubation the reducing power of the whole of this" 
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solution was 9-50.c. KMnO,. The addition of the second quaiitity of 
juice and acid had effected no change in the position of equilibrium. 


ments made in this way. 


power Mixture (X) KMn0, after an 
78 10 25 0 4 18 
10-0 15 25 9-9 
11-8 2 11-9 
~ 25 15 12-2 
125 3 12-1 
12-9 35 05 126 
13-3 — 0 13-2 


_ On comparing the reducing powers of the solutions given in columns 
(X) and (Y) it may be seen that in every case the addition of fresh 
pancreatic juice and hydrochloric acid in quantities equal to those 
already contained in the solutions, to digestion mixtures which*had 
attained a condition of equilibrium, had no effect on the position of 
equilibrium. These experimental results, in conjunction with those 
given in the preceding pages, bear out the hypothesis previously stated, 
that the degree of digestion attained by a starch solution submitted 
to the action of pancreatic juice is independent of the amount of ferment 
present but is intimately related to the quantity of acid added to the 
solution. The results definitely prove that the acid added to a mixture 
of starch and pancreatic juice associates itself with the ferment and 
does not diffuse throughout the general body of the solution. The 
diffusion of the added acid through the general body of the solution 
would result in the hydrogen ion concentration of the secondary 
mixtures (¥) being at least double those of the primary mixtures (X), 
and, on the assumption that the hydrogen ion concentration of the 
reacting medium determined the position of equilibrium, the digestion 
in the secondary mixtures should have continued after the addition of 
the second quantity of pancreatic juice and acid. An hypothesis 
which is consonant with the facts observed is that the acid and ferment 
assciate themselves with one another. On this assumption the 
hydrolysis of the starch is effected by a complex consisting of ferment 
and acid, and the degree of hydrolysis of the starch is determined by 
the hydrogen ion concentration of this complex and not upon that of 
the general solution itself. This hypothesis receives additional support 


va 
f 
€ 
4 
4 
a 
A 
a 
43 
Ey 
ay 


254 J. MELLANBY AND V. J. WOOLLEY. | 


from the fact that the amount of acid required to augment, diminish, 
or destroy the action of a definite quantity of ferment is pfoportional 
to the ferment and is almost independent of the dilution. Thus if an 
amount of HCl represented by (x) destroys an amount of ferment (y) 
in a volume (z) approximately the same amount of acid destroys the - 
same amount of ferment even if the dilution be 10z, thereby indicating 
a direct relation between the ferment and the acid. : 


The action of pancreatic juice on maltose. 

‘From the experimental results described in the previous pages it — 
appears that the action of pancreatic juice on starch varies continuously 
with the amount of acid contained in the digestion mixture. The 
formation of molecular complex of ferment and acid, the activity of 
this complex being determined by the concentration of the hydrogen 
ion within it, has been put forward as a tentative hypothesis to account 
for the facts observed. In order to further elucidate the process a 
number of experiments were made to determine the action of pan- 
creatic juice on maltose. The following results show the effect of 
adding hydrochloric acid to a mixture of maltose and pancreatic juice 
_ in-@ quantity which was optimal for the action of the same pancreatic 
juice on starch, 


Maltose 1%, P.J. HCi(‘1N) KMn0, after 20 hrs 
(a) 75 10-6 
Re 6-4 5 6 13-3 
(d) ” 6-9 0 6 10-7_— 


_ On comparing the results (a) and (6) above it may be seen that the 
pancreatic juice has no action upon maltose, the reducing power of 
the maltose solution to which pancreatic juice had been added being 
equal to that of a similar solution containing maltose only. But on 
comparing the experimental results (6) and (c) it may be seen that a 
marked increase in the reducing power occurred in the incubated mixture 
to which HCl (0-26 N) had been added. That the hydrolysis of the 
maltose by pancreatic juice and. hydrochloric acid was not due to 
the acid alone may be seen by comparing experiments (a) and (d), the 
addition of hydrochloric acid to a maltose solution producing no increase 
in the reducing power compared with that of a similar solution to which 
‘water only had been added. The results show that pancreatic juice 
(free from CO,) is not capable of breaking down maltose, whilst pan- 
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creatic juice, to which hydrochloric acid has been added, can produce 
this action. 3 

In the case of the action of pancreatic juice on starch in the presence 
of acid it was found that the extent of the hydrolytic change varied 
with the amount of acid added, the greater the quantity of acid con- 


_ tained in the mixture (up to the optimal point) the greater the reducing 


power of the final product. Precisely similar facts were found to hold 
good for the hydrolysis of — by pancreatic juice in the presence 


of hydrochloric acid. | 
Maltose1% P.dJ. HCi(1N) H,O KMn0, after 20hrs 
16 c.c. — 10-5c.c. 
5 70 10-6 
2 68 10-9 
— 4 6-6 11-5 
— 6-2 12-7 


The first two experiments above show that pancreatic juice alone 
has no action on maltose, and the remaining results prove that the 
degree of hydrolysis of maltose by pancreatic juice in the presence of 
hydrochloric acid progressively increases with the amount of acid 


added to the solution. is 
The of nota sls onthe dgeion of tach and 
maltose by pancreatic juice. 


The influence of neutral salts on the digestion of starch by pancreatic 
juice as measured by the achromic method is marked. The following 
experimental results illustrate this statement (P.J. diluted with 4 vols. 
of water): 


Starch1% Salt Achromic time 
2 6.0. 3 7 35 mins. 
— — 6 8 
0 | 33» 


It may be seen that the addition of sodium chloride or calcium 
chloride to the digestion mixture to the extent of -016 N reduced the 
achromic time from 35 to five minutes. Also that the addition of 
salt in quantities greater than this had very little influence on the 
achromic time. But despite this augmented action of pancreatic 
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juice on starch in the presence of neutral salts no evidence has been 
obtained that the diminution of the achromic time is associated with 
the production of dextrose nor that the residuum of undigested dextrin — 
is diminished. The following figures show the influence of sodium 
chloride and calcium chloride on the digestion of starch by amylopsin. 


KMn0, after 

Starch PJ. HO Salt 10 Whee 
60-16 11-5 (N) 39 6566 59 Gl 65 69 
” ” 1-5 CaCl, (N) 356060 
” ” 29-25 (control) —_ _ 6-1 70 


- _ may be seen that the reducing powers attained by the mixtures 
to which sodium chloride and calcium chloride had been added were | 
approximately the same as that of a mixture to which pancreatic juice 
only had been added. The results demonstrate the erroneous conclu- 
sions which may be drawn from a consideration of experiments in which 
the achromic time is used as a measure of the digestion of starch by 
amylopsin. 
The observation that neutral salts only accelerate the digestion of 
starch to maltose by pancreatic juice and do not produce dextrose is 
confirmed by a consideration of the action of pancreatic juice on maltose 
in = presence of sodium chloride and calcium chloride. 


Maltose 1°/, H,0 P.J. Salt KMn0, after 24 hrs 
bee. 75 0 10-6 

_ 70 10-7 

_ 6-25 5 *75 NaCl (N) 10-6 


- The equality of the reducing powers of the above mixtures after 
24 hours’ digestion proves that neither pancreatic juice alone, nor 
pancreatic juice in the presence of neutral salts, has any action on 
maltose. The results, taken in conjunction with those showing the 
- action of pancreatic juice on starch in the presence of neutral salts, 
conclusively prove that calcium chloride and sodium chloride only 
accelerate the digestion of starch to maltose. The presence of these 
_ salts neither causes the production of dextrose nor alters the residuum 
of stable dextrin (25°/,) remaining after the attainment of equilibrium. 


Discussion of Results. 


From the experiments detailed on the previous pages it is stint: 
(a) that on the addition of pancreatic. juice to starch the degree of 
hydrolysis attained is ee of the amount of ferment added 
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provided an adequate time be allowed for the completion of the digestive 
| process; (6) that on the addition of acid to the pancreatic juice starch 
digestion mixture the position of equilibrium ultimately attained is 
related to the quantity of acid present: the greater the amount of acid 
present the more complete the hydrolysis until a concentration of acid 
‘is reached which stops the action owing to the destruction of the ferment; 
(c) that the maximum quantity of acid which may be added to a 
digestion mixture without destroying the ferment is related to the 
quantity of ferment present and not to the volume of the digestion 
mixture; (d) that neutral salts, although greatly augmenting the action 
of pancreatic juice on starch, as measured by the achromic time, do 
not influence the reducing power ultimately attained by the mixture; 
(¢) that pancreatic juice has no action on maltose nor has pancreatic 
juice to which neutral salts have been added any action on this sugar. 
The addition - of hydrochloric acid to the maltose pancreatic juice 
digestion mixture results in the production of dextrose in a quantity 
proportional to the amount of acid added. 

These facts suggest that fresh pancreatic juice contains amylopsin 
and promaltase, that amylopsin breaks down starch to maltose, and 
_ that the promaltase remains in an inactive condition until acid is 
added to the juice. Therefore on the addition of pancreatic juice or 
pancreatic juice and neutral salts to starch, maltose only is formed; 
but when, in such solutions, the promaltase is activated to maltase by 
the addition of acid then the maltose produced by the action of the 
amylopsin is further hydrolysed to dextrose. 

There are various difficulties in accepting this hypothesis. In the 
first place it has been shown that the degree of hydrolysis of a starch 
pancreatic juice mixture is independent of the amount of ferment 
added. Even if it.is assumed that the activation of promaltase is such 
that a definite quantity of acid generates a definite amount of ferment 
this assumption would not afford a satisfactory explanation of the 
observation that the amount of reducing sugar formed in the digestion 
mixture is proportional to the amount. of acid added. A greater 

quantity of acid would generate a larger quantity of maltase and the 
_ equilibrium position would be attained*more quickly than after the 
addition of a smaller quantity of acid, “but the degree of hydrolysis 
ultimately developed would be the same in the two cases. 

A further difficulty against accepting this hypothesis is the fact 
that the hydrolysis of starch and maltose is stopped wh the same 
of acid.. 
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Starch 1°/, 
15 0.0. 63 7 
6-2 118 
Maltose 
16 0.0. 15 (control 
6-2 8 13-4. 
— 6-0 (B) 


The above experimental results show the effect of adding hydro- 
chloric acid to pancreatic juice in gradually increasing quantities on 
its capacity to hydrolyse starch and maltose. It may be seen that 


in the starch experiments the results (4) and (B) are strictly comparable. 


to the results (A’) and (B’) in the maltose experiment. The addition 
of -9c.c. HCl (-1N) to the mixtures inhibited the digestion both of 
starch and maltose, whilst the addition of 1c.c. HCl{-1N) to other 


similar mixtures stopped digestion in both cases. If fresh pancreatic 


juice contains amylopsin and promaltase it would be necessary to 


assume that maltase produced by the activation of promaltase by acid — 


is destroyed by the same hydrogen ion concentration as ee 
an assumption which seems inherently improbable. 

Further it is shown in the following pages that pancreatic juice, 
alone, breaks down starch to maltose and a stable dextrin, whilst 
pancreatic juice, in the presence of acid; not only produces dextrose 
in addition to maltose and dextrin, but also hydrolyses the stable 
dextrin to a considerable degree. Therefore the assumption that 
pancreatic juice contains amylopsin and promaltase would not suffice 
to explain the facts observed, but an additional proferment, activated 
by’ acid, and capable of oe down the stable dextrin, would need 
to be hypothecated. 

An hypothesis which appears to correlate the experimental results 
is that one ferment only exists in pancreatic juice and that the activity 
of this ferment is determined by the number of hydrogen ions contained 
in its complex. On this hypothesis the ferment continually varies 
according to the reaction of the medium in which it is contained, and 
this variation accounts for the fact that the end point of a starch 
pancreatic juice acid digestion mixture continually changes with the 
hydrogen ion concentration of the solution. As stated above it is 


necessary to assume that the acid is contained in the ferment complex — 
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since it has been found that the amount of acid which may be added 
to a digestion mixture to produce any stated effect is always propor- 
_ tionate to the amount of ferment present in the mixture and not to the 
volume of the reacting medium. 

The question arises as to how the digestion vaties in degree and 
kind when pancreatic juice alone or pancreatic juice and acid is added 
to a starch solution. When pancreatic juice and water are added to 
a starch solution so that the resultant concentration of starch is -66 °, 
the reducing power attained by 10c.c, of the mixture within 24 hours 
is 7-8¢.c. permanganate. 10c.c. of a solution of maltose of the same 
strength has a reducing power of 10-6.c. permanganate. Now it is im- 
possible to demonstrate by means of ozazone crystals the presence of 
_ dextrose after the action of pancreatic juice on starch, and the probable 
absence of dextrose from the digestion mixture is supported by the fact 
_ that fresh pancreatic juice has no action on maltose. It may therefore be 
assumed that pancreatic juice breaks down starch to maltose and some 
substance presumably a dextrin, which does not reduce an alkaline © 
solution of copper sulphate. The relative reducing powers of -66%, 
starch to which pancreatic juice has been added (7:8 c.c. permanganate) 
and +66 °/, maltose (10-6 c.c. permanganate) indicate that in this hydro- 
lysis of starch by pancreatic juice three-fourths of it is broken down 
to maltose whilst one quarter remains as a stable dextrin. : 

The next point which arises is whether when acid is added to pan- 
creatic juice the resultant ferment complex breaks down the maltose 
only to dextrose and does not affect the stable dextrin, or whether both 
these bodies are hydrolysed. Experiments made with the same sample 
of pancreatic juice on starch and maltose containing the same concen- 
tration of hydrochloric acid gave the following comparable results: 
The reducing power. of 10 c.c. of the maltose solution before hydrolysis 
was 9-6 c.c. permanganate. After hydrolysis with pancreatic juice and 
an optimal quantity of hydrochloric acid the reducing power of 10 c.c. 
of the solution was raised to 13-7. From these numbers and the fact 
that the relative reducing powers of dextrose to maltose are as 100 to 
55:8 it may be calculated that 54 °/, (approx.) of the maltose was con- 
verted into dextrose. A second experiment was made in which the 
reducing power of a digestion mixture of starch to which pancreatic 
juice only has been added was compared with that of a solution of 
starch to which the same quantity of pancreatic juice and an optimal 
quantity of hydrochloric acid had been added. The comparable 
reducing powers of 10 c.c. of these two pain attained after 24 hours’ » 
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digestion was 7-8¢.c. permanganate and 13-3c.c. permanganate. If 
we were to assume that the maltose only was broken down by the acid | 
ferment complex and that the stable dextrin was unaffected it may 
be calculated from the above numbers and the relative reducing powers _ 
of the dextrose and maltose that in this experiment practically all the 


maltose (96 %/,) was hydrolysed to dextrose. But this result is opposed 


to that found when pancreatic juice and acid are added to pure maltose, 
when, as calculated above, only 54°), of the maltose is hydrolysed to 
dextrose. We must therefore assume that the acid ferment complex 
_in addition to possessing the power of breaking down maltose to dextrose 
also possesses, to a marked degree, the capacity of hydrolysing the stable 
_ dextrin remaining after the digestion of starch by pancreatic juice only. 
From the figures given it may be calculated that one-seventh of the 
increased reducing power attained by a starch digestion mixture, 
produced by the addition of hydrochloric acid to it, is due the hydro- 
lysis of the stable dextrin, i.e. that dextrin which remains after the — 
digestion of starch by pancreatic juice only. 


It has been shown above that the end point attained by a starch 


pancreatic juice digestion mixture is independent of the amount of — 
ferment added provided an adequate time be allowed for digestion to 
complete itself, and further that this end point is not affected by the 
addition of more pancreatic juice to mixtures which have already been 
digested and attained a condition of equilibrium. Similar facts hold 
good for the digestion of starch by pancreatic juice to which acid has 
been added. Thus it has been shown: (a) that the end point attained 
by an acid starch pancreatic juice digestion mixture depends upon the 
amount of acid added; (6) that the end point is not influenced by the 
addition of pancreatic juice and acid in quantities equal to those already 
contained in the mixtures, after digestion has eompleted itself; 
(c) that the addition of more acid to a digestion mixture which has 
attained a position of equilibrium results in the action proceeding to 
a further degree depending on the amount of acid now contained in 
the solution; | | 
From these experimental results we must assume that the ferment 
produced by the action of acid on pancreatic juice continually varies 
and that the number of ferments capable of being produced in this way 
is limited only by the variations possible in the degree of acid added. 
_ This conception as to the variability of the active substance produced 
in pancreatic juice by the addition of acid to it affords an insight into the 
ultimate constitution of ferments. The facts indicate that the active 
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agent in @ ferment is a charged ion and that the complex substance 
which we recognise as a ferment is merely the machine by means of 
which the ion contained in its complex can most effectually direct its 
force against the substance on which it acts. In the case of amylopsin 
contained in fresh pancreatic juice the constitution of a ferment complex 
is such that starch is broken down by it to maltose and dextrin only, 
but when hydrochloric acid is added to the juice the ferment complex 
associates itself with some of the added acid and the activity of the 
ferment is dominated by the hydrogen ion content of the complex. 


_ This hypothesis of the variability of the ferment complex produced by 


variations in the amount of acid added to the starch pancreatic juice 
digestion mixture affords a ready explanation for the varying end points 
attained in these solutions. But that these ferment solutions differ 
in degree only and not in kind is evident from the observation that 
the addition of more acid to a digestion mixture enables the hydrolytic 
process to proceed to a point depending upon the final amount of acid 
contained in the solution. ne, 
The relation of the end points attained by mixtures of starch con- 


taining a constant quantity of pancreatic juice and variable quantities 


of hydrochloric acid is shown by the following figures: 


Starch HO HCI (‘1N) PJ. KMn0, after 20 hrs 
20 .c. 30 c.c. 0 25 7-0 (a) 

— 76 (b) 

2 84 (c) 

3 10-4 (d) 

4 — 12-4 (e) 


In experiment (c) the reaction of the mixture to litmus was acidic, 
in experiment (6) alkaline. It may be seen that in experiments (d) 
and (¢) the addition of acid produced a greater effect on the hydrolytic 
process than was caused by an equal change in the addition of acid 
in experiments (a) and (b). The.small difference in the degree of hydro- 
lysis in experiments (a) and (b) was probably due to the association of 
the added acid not only with the ferment complex but with the alkali 
contained in the juice, the relative affinities of the ferment and the 
alkali for the acid determining the coefficient of partage. The whole 
of the acid added beyond that required to neutralise the alkalinity of 
the juice associated with the ferment and thus produced the greater 
change in the degree of hydrolysis observed in experiments (4) and (e). 
In the above discussion the relation of the end point attained by. 
a digestion mixture to the hydrogen ion concentration of the ferment 
complex has been emphasised. This end point however is also largely 


; 
4 
4 
A 
ow 
i 
} 
‘y 
> 
4 


262 J. MELLANBY AND V. J. WOOLLEY. 


influenced -by the products of the action. The following experiment 
this statement. 
Mixtures of starch, pancreatic juice, acid and dexteose 


were made up. 
30 c.0. 1 o.0. 1-2 128 11-7 13-1 (a). 
” 10-3 2-5 11-4 12-4 (6 
78 50 10-6 


The celta an that dextrose inhibits to a degree depending on its 
concentration the hydrolysis of starch by acid pancreatic juice and 
proves that the position of equilibrium attained depends not only upon 
the constitution of the ferment complex but also upon the concentration 
of the products of hydrolysis. 

- From these results it may be deduced that amylopain i in the presence 
of acid is capable of hydrolysing the starch of a diet to dextrose provided 
the dextrose be removed from the sphere of action. That such an action 
takes place in the small intestine may be inferred as probable since not 
only does pancreatic juice come into contact with HCl from the stomach 
but dextrose is readily removed by absorption from the alimentary 
canal. An objection may be raised against this deduction on the 
ground that the contents of the small intestine never become acidic, 
but from the experiments quoted above it may be noted that it is not 
_ necessary for pancreatic juice to become definitely acidic before it is 

capable of breaking down starch to dextrose, since even when the 
resultant solution is alkaline some acid associates itself with the ferment 
complex. Further it has been shown by Bierry and Weil(6) that 
dicarboxylic acids such as asparaginic acid and glutaminic acid enable 
pancreatic juice to break down starch to dextrose, and the production 
of these amino acids during the digestion of protein in the alimentary 
canal affords an adequate means for the formation of dextrose from 
starch in the course of digestion. The hydrolysis of starch to dextrose 
in the small intestine by amylopsin of the pancreatic juice is rendered 
more probable since the amount of maltase contained in succus entericus 
is small and its action on maltose minute compared with that of gen 
creatic juice to which acid has been added. | 

With regard to the part played by carbon dioxide in the digestion 
of starch by amylopsin it may be mentioned that fresh pancreatic juice, 
as shown by Auerbach and Pick«4), is neutral in reaction owing 
to the presence of CO, in it. This fresh juice is capable of producing 
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juice ~ wie hydrochloric acid has been added. Pancreatic juice 
which has been left for a day loses the greater part of its carbon dioxide, 
becomes definitely alkaline in reaction, and produces only minute 
quantities of dextrose from starch after 24 hours’ digestion. This 
capacity of carbon dioxide to act as a weak acid with respect to amyl- 
opsin probably affords a basis for the explanation of the divergent 
experimental results described by different observers. Thus Neilson 
and Scheele(5) confirmed the results of Kiilz and Vogel(3) as to 
the production of dextrose from starch, whilst Slosse and Limboschas) — 
were able to demonstrate the presence of maltose only. The absence 
of CO, in the juice used by these latter observers would explain the 
results obtained. In all our experiments we first removed the carbon 
dioxide from the pancreatic juice since it formed a variable which one 
could not readily control, but we fully recognise that carbon dioxide 
can function as a weak acid and that its presence in pancreatic juice 
enables it to hydrolyse starch slowly to dextrose. However the effect 
produced by carbon dioxide is small compared with that of hydro- 
chloric acid and it is doubtful whether its presence determines to any 
marked degree the production of dextrose from starch in ' the process of 
digestion in the small intestine. 

With regard to the action of pancreatic juice on sugars other than 
maltose it may be stated that no evidence has been obtained that cane 
sugar or lactose can be hydrolysed by it. The experiments were made 
under a large number of conditions among which may be mentioned 


| 


(1) Pancreatic juice free from carbon dioxide breaks down starch 
to dextrin and maltose, approximately 25 °/, of the final product being 
dextrin and 75°, maltose. 

(2) The hydrolysis of starch by pancreatic juice is facilitated by 
the presence of neutral salts such as calcium chloride and sodium 
chloride, but the final position of equilibrium attained is the same as 
when the hydrolysis is effected by pancreatic juice only. 

(3) It follows from (1) and (2) that pancreatic juice or pancreatic 
juice in the presence of neutral salts has no action on maltose. This 
_ deduction has been confirmed by direct experiment. | 

(4) Pancreatic juice to which hydrochloric acid has been added 
hydrolyses starch to dextrin, maltose and dextrose, the relative 
quantities of these substances formed being a function of the hydrogen 
ion concentration of the reacting medium. The greater the quantity 
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of acid contained in the digestion mixture the greater the quantity of 
_ dextrose formed, until a concentration of acid is present which stops 
all action owing to the destruction of the ferment. 


(5) Pancreatic juice to which an optimal quantity of hydrochloric | 
acid has boon added hydrolyaes a solution of maltose to dextrose to the 


extent of 


_ (6)- After the hydrolysis of starch be pancreatic juice to which 


ere ‘has been added less dextrin remains than after the hydrolysis of 


starch by pancreatic juice only. From this it follows that the presence _ 
of acid enables pancreatic juice not only to hydrolyse maltose to dextrose — 


but to act on the stable dextrin remaining after the aynolyee of starch 
by pancreatic juice only. 


(7) From a consideration of the mccain results obtained the — 


following hypothesis has been put forward: Pancreatic juice contains 
ene carbohydrate ferment only (amylopsin). In a neutral medium, 
or in the presence of neutral salts, this ferment breaks down starch to 
dextrin and maltose only. When acid is added to pancreatic juice, 
the ferment associates itself with some of the acid, and the activity 
of the ferment is determined by the hydrogen ion concentration of 
this ferment complex. 


(8) The activity of pancreatic juice, to which hydrochloric acid. 


hina: suggests that this secretion is capable of hydrolysing 
the starch of a dietary to dextrose. 


(9) Pancreatic juice alone, or in the presence of neutral salts, acids 
or alkalies, has no action on lactose or cane sugar. | 
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‘THE SIMPLE CHARACTER OF THE YELLOW 
SENSATION. By F. W. EDRIDGE-GREEN. 


"(From the Institute of Physiology, University College, London.) 
In this paper the terms red sensation, yellow sensation, green sensation, 


_ ete., refer to the sensations produced by pure spectral light or by a 


combination of pure spectral lights producing a similar effect to a 
single spectral light. This is in contra-distinction to the use of the 
term red sensation, etc., in the terms of some theories in which it is 
supposed, for instance, that green light or yellow light excites the so-called 
red sensation. It is proposed in this paper to show that there is no 
evidence supporting the view of the composite character of the yellow — 
sensation when produced by pure yellow spectral light. 

are mixed-in appropriate proportions a yellow is produced which is 
identical in appearance with spectral yellow. It is however wrong 
to assume that the physiological sensations are similarly constituted. 
There are many other explanations of the fact most of which are prefer- 
able to this assumption. The identity of the compound yellow with 
the simple yellow from a physiological aspect is very remarkable. 
I have tried without success to distinguish physiologically between the 
two by means of colour fatigue, colour adaptation or after-images 
produced by pure spectral colours, but the effect on the compound 
colour is in every respect the same as that upon the simple colour. 
Hartridge() has proposed a physical explanation of the fact, but there 
are objections to this explanation as it stands. __ 

The mixture of the two lights may produce an effect- which is 
physiologically indistinguishable from that of the simple light without 
being reversible, the photochemical substances produced by red and 
green producing a substance which is similar to that evoked by the 
simple light but that the substance produced by the simple light could 
no more be considered to be constituted of the sensations produced 


by the components of the compound light than a simple element 
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produced in a non-reversible chemical reaction could be considered to 


be constituted of the substances which have given rise to it. 

In favour of the compound nature of the yellow sensation 
McDougall) brings forward the following: (1) If patches of red 
and green light be thrown upon one area of one retina, they may under 
suitable conditions show the phenomenon of struggle as well as of fusion, 
4.e. at one moment they may appear as yellow, at another the red or 


the green may alone affect consciousness. (2) On fixation of a bright — 
yellow light it becomes after a few seconds a bright pure red or a bright’ 


_ pure green or shows struggle of red and green. (3) In the after-image — 


of very bright light whether white or yellow, or of other colour, yellow 
never appears except as an incident in the struggle between red and 
green. (4) On diminishing the illumination of a patch of yellow after 


fixating it for 30 secs. or more, it usually becomes red unless the period — 


of fixation has been considerably prolonged, when it usually becomes 
blue. (5) The after-image of bright yellow light may be yellow in the 
first phase, but this yellow always resolves itself into green struggling 
upon red as in the case of an initial yellow phase following bright 
white light. In the after-image of less bright yellow light blue usually 
appears, but red and green usually predominate. 

Unfortunately these experiments were made with coloured papers 
and impure colours. It is absolutely necessary that all experiments 
on colour which are. to have any theoretical importance must be made 
with the purest possible spectral colours of definite wave-length and 
as free as possible from white light or light of other wave-lengths. It 


can be shown in many cases that this mixture of light of other wave: 


lengths is the direct cause of the observed phenomenon. 

Burch) discovered that when the eye was fatigued with light of 
different wave-lengths the effect with red light was most evanescent, 
then in the order of the spectrum, orange, yellow, green, blue, and 
violet. The violet produced an effect lasting very much longer than 
the red. I find that the persistence of different lights corresponds; 
the positive after-image of the spectrum disappears from the red to 
the violet, This fact gives an explanation of many phenomena quite 
apart from any theoretical considerations bearing on any hypothetical 
colour sensations. For instance, it gives an explanation of the cycle 
of after-images met with by stimulation of the eye by an intense but 
impure light. The image of the sun is yellow and the positive after- 
image should therefore first appear yellow, then become green, blue 


and violet in succession before becoming negative, the positive effect . 
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of the red light passing off first, causing the alteb-isnaige to change to ; 


green, then the positive effect of the yellow and green lights passing off 
causing it to change to blue, and lastly the positive effect of the blue 
light passing off, causing the nese? to change to violet. A reference 
to my observations(4) of the sun’s after-images will show that this is 
the actual cycle which takes place. I have never seen yellow as a 


phase in a struggle between red and green. 


A colour-mixing instrument in which cet red and green are 
combined to match spectral yellow gives an easy opportunity of testing 
the first experiment with pure spectral colours. With this instrument 
spectral red and green are projected upon the same portion of the 
retina. But I have never seen any struggle between red and green, 
neither have I found any person among the very large number I have 
examined who has seen this struggle. If they had it would certainly 
have been mentioned as it would greatly interfere with the making 
of a correct match. However long I have viewed either the simple 
or compound yellow the only change visible has been that it has 
become paler. I have never seen spectral yellow become red on 
diminishing its luminosity. Both in the experiments of Breese(5) 
and McDougall(é) there is another element which has an important 
influence on the-results obtained. In Breese’s experiments the light 
reflected from the red and green papers was allowed to pass through 
the right and left halves of the pupil respectively to the same place 
on the retina. Now the slightest unconscious movement of the eye 
would cause one or other half to predominate and so cause the observed 


results. The same factor explains the results obtained by McDougall. 


The following evidence supports the view of the simple character 
of the yellow sensation : 
‘1.’ The impossibility of splitting the yellow sensation into its 


alleged hypothetical constituents when pure spectral yellow is used. 


2. That in certain cases of defective colour perception the yellow 
sensation is diminished(7) and in other cases(8), the trichromic, lost 
altogether, whilst there are three definite colour sensations, red, green, 

and violet, and the yellow region is seen as red-green. 

8. In cases where there is shortening of the red end of the spectrum 
and a yellow sensation is present this yellow sensation corresponds to 
a portion of the spectrum nearer the violet end of the spectrum than 
with the normal-sighted 9). If these cases were caused by diminution 
of a hypothetical red sensation the opposite should be the case and the 


_ yellow should be found nearer the red end of the spectrum. 
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4. Iftheeye be fatigued with pure yellow spectral light the spectrum 
will appeat to have lost its yellow(o), and though yellowish-red or 
yellowish-green will appear less yellow the terminal red of the spectrum — 
will not be affected. If the terminal portion of the red end of the 

be isolated in my spectrometer, it will appear as a faint red 
upon a black background. If the eye be fatigued with red light even 
by looking through a red glass held against a light for one second, the 


red will not be visible for some considerable time, but the eye may be © 


fatigued for twenty minutes with yellow light without interfering with 
the visibility of the red light. 

be reduced in the same proportion all the colours do not disappear at 
the same moment, If, therefore, spectral yellow were a compound 
sensation it should change colour on being reduced in intensity. If, 
however, spectral yellow be isolated in my spectrometer and the intensity 
be gradually reduced by moving the source of light away, the yellow 
becomes whiter and whiter until it becomes colourless, but does not 
change in hue(1l). 

the hue of spectral yellow. Spectacles glazed with red or green glass 
of @ kind which is permeable to the yellow rays may be worn for a con- 
siderable time without altering the appearance of spectral yellow. — 
If yellow were a compound sensation a wearer of red spectacles 

‘should see the yellow through them as green, because the yellow 

7. Te conditions which would appear to be particularly favourable 
for seeing yellow as red if it were a component sensation this does not 
occur. If black letters on a white ground be arranged in a dull light 
so that as little light as possible be reflected from the black letters 
and a blue-green glass impervious to the red rays be suddenly interposed 
between the eye and the letters the black letters appear for a fraction 
of a second a brilliant red. If spectral yellow be viewed in similar 
circumstances it still appears yellow. The explanation of the above 
phenomenon appears to be that the retina still contains substances 
caused by the action of white light, and the black letters appear red 
through simultaneous contrast. 
ade tion to green, still 
yellow and not red (3). 

9. The after-image of pure spectral yellow is first seen as a bright ‘ 
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negative (14). 

10. The complementary of yellow is never strengthened by the 
after-image of yellow (14). 

11. The stability of the after-image of spectral yellow is remark- 
able; it does not change colour and is not influenced by subsequent 
light falling on the retina when this is not of too great intensity (14). | 

12, When the eye is fatigued by red light the after-image projected 
on yellow is grey or black; no tinge of colour is seen unless the fatiguing 
light is very bright when the yellow image’on screen becomes green(14). _ 

13. When a sodium flame is viewed after fatigue with spectral 
red light it is very little affected in the region of the after-image though : 
_ the green-blue after-image is very strongly marked on either side of 
the sodium flame(14). 

14. A vivid blue-green after-image may be seen not only in ee : 
absence of all green light but whilst the eye is still being stimulated by 
a red light 1). 

15. If yellow were a compound sensation it should be easier to 

obtain a green after-image, after fatigue with red on a yellow than on 
white. It will be found that whilst the green after-image is very easy 
to obtain on a white surface it is much less easy to see on a yellow 
surface and much less marked. For this purpose coloured papers are 
quite satisfactory because though the colours are not pure the colour 
indicates the predominating sensation. 
_ The corollary to this view is that those possessing only three colour 
sensations should see a greater change in yellow than in white, because 
the yellow region is seen as red-green and does not excite a yellow 
sensation. This I find to be the case; on examining a trichromic 
I found that he saw a much greater change in yellow after fatigue to 
red or green than in white(1). 

- 16. Bidwell shows(15) that the phenomena of intermittent light 
are quite inconsistent with the compound character of the yellow 
sensation. If the image of a white object be suddenly formed on a 
portion of the retina which was previously occupied by the image of 
“a black object this image is surrounded by a red border. Bidwell 
states: “Though the image of the needle was colourless when the 
patch was illuminated by the greenish-yellow rays of the spectrum, 
it appeared red when the same hue was formed by combining red and 
green rays.” The fact that the red border is not found with the pure 


greenish-yellow spectral light and is found with the compound light 
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= — by simple yellow light. 
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| THE DIFFUSION OF. GASES THROUGH THE LUNGS 
: OF MAN. By MARIE KROGH, MD. 


(From the Laboratory of Zoophysiology, University of 


Tue problem concerning the forces by which oxygen is transported 
from the alveolar air into the blood has resolved itself into two distinct 
questions. The first is whether the tension of oxygen in the blood is 
always lower than in the alveolar air, or whether it may in certain 
circumstances become higher. If the latter alternative is true, as 
maintained by Haldane and his collaborators, there can be no doubt 
_ that forces other than diffusion must come into play. If on the other 
hand the tension of oxygen in the blood is always lower than in the air, 
as found by A. Krogh and the writerq) and also by Hartridgev2), 
the second question arises: Is diffusion quantitatively sufficient to 
explain the intakes of oxygen measured under the most adverse con- 
ditions and ‘especially during muscular work at low‘oxygen pressures. 
The present paper deals with the second question, but as this is worth, 
dealing with only in so far as diffusion cannot @ priori be ruled out 
as being unable to explain the transport of oxygen, it is necessary to 
consider very briefly the evidence on which the assumption is based 
of a higher O, tension in the arterial blood than in the alveoli. 
Without entering upon a discussion of the CO method of tension 
determination or the carmine titration as worked out by Haldane 
and Douglas(), I wish to point out the discrepancy which is apparent 
in several cases between the arterial O, tension as determined by these 
methods and the symptoms of oxygen want simultaneously observed. 
In their series of investigations carried out on Pike’s Peak, Douglas, 
Haldane, Henderson and Schneider(4) found that acclimatisa- 
tion to the low oxygen pressure took place after a few days and they 
ascribe this to the high arterial 0, tensions observed, which were on 
an average about 35 mm. higher than the alveolar or from 85 to 
100 mm. (corresponding to percentage saturation of the blood with 
oxygen of 92 to 96°,). Nevertheless they point out that “excessive 
breathlessness on any considerable exertion remained a prominent 
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272 M. KROGH. 
symptom,” that “hyperpnoa on exertion or on holding ‘the breath 


was still much greater than usual,” and that “blueness of the lips 
could be produced by powerful and continuous exertion such as — 


walking uphill.” 

In one experiment, in which air with a diminished oxygen per- 
centage was breathed, the alveolar O, tension was determined as 
33-2 mm., but the arterial as 55-2. According to the dissociation 
curve ((4) p..201) given, a tension of 55mm. would correspond to a 


percentage saturation of the blood with oxygen of 87, and as the — 


hemoglobin had risen to 115 the oxygen supply to the tissues should 
be quite as high as during normal rest at sea level, and there appears 
to be no reason why the subject should become somewhat cyanosed 
and dizzy, which symptoms would be very easy to account for if the 
arterial tension were the same as the alveolar. In a muscular work 
experiment ((4) p. 197) the arterial tension was found to be 98 mm. 


(alveolar 64-6) corresponding to a saturation of 96°/,, which with 


a hemoglobin percentage of 116 would apparently place the ee 
in a better position to do work than he would be at sea level. 

Tt is also very difficult to see why there should be a continual and 
large increase in the oxygen carrying capacity when the average 
percentage saturation of the arteniee blood was (after the -_ two or 
three days) quite normal. 

For these reasohs and also because Hartridge, using practically 
the same method, failed to confirm the results, I cannot accept the 


évidence brought forward by Haldane and his collaborators as con- 


clusive. I have investigated the diffusion quantitatively and I hope 
to show that diffusion pure and simple is sufficient to account for the 
oxygen intakes which have been actually observed by the Pike’s Peak 


Expedition. 


The principle, according to which the diffusion can be estimated (5) 


and has been estimated by A. Krogh and the writer(), takes as its 
starting point the assumption that an essentially indifferent gas, like 


_ carbon monoxide, must pass through the alveolar epithelium by diffusion 


alone—an assumption which has never been questioned by anybody. 


It is assumed ‘further that when a small proportion of CO is allowed - 


to pass into the blood, the gas will combine practically instantaneously _ 
with the hemoglobin and the CO pressure in the blood can be taken _ 


as 0. When therefore a mixture of CO with air is enclosed in the 


lungs during a certain time and the drop in CO percentage is determined 
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When the langs contain a quantity of CO which is completely mixed 
up in the alveolar air and so small that the CO tension of the blood 


during the experiment can be taken as 0, and when further the quantity : 


of CO which per unit volume (1 ¢.c.) at any moment (¢) passes from 
the alveoli to the blood is proportional to the CO tension (C,) of that — 
moment, we have dC = — k C dt and consequently the quantity passing 


When (, siaiek < the CO percentage in the alveolar air after ¢ 
minutes, kO;-will be the quantity entering the blood per minute and 
per unit voliime, and & will be the quantity in c.c, which would diffuse 
in per ¢.c, volume per minute, if the lungs were filled with pure carbon 
monoxide (and the CO tension in the blood could be kept at 0). The 
numerical value of the figure & will obviously depend on the permea- 
bility of the alveolar wall for gases and will be spoken of in this paper as 
the permeability of the lungs. 

From & it is possible to calculate the actual diffusion of carbon 
monoxide and from that again the diffusion of oxygen or carbon dioxide. 
If the alveolar volume of the lungs reduced to 0° and 760 mm. is V c.c. 
and the barometric pressure (total gas pressure in the lungs) minus the 
vapour tension at 37° is p, the quantity of CO which will diffuse in 


_ through the lungs as a’ whole per minute and per mm. CO pressure will 
be <= c.c., which is the diffusion constant for CO or d,,,. 


According to the physical laws of gas-diffusion(7) through fluids the — 
diffusion velocities for different gases are proportional to their absorption 
coefficients in the fluid in question and inversely proportional to the 
square roots of their molecular weights, and it is possible therefore to 
calculate diffusion constants for other gases if the relations between 
their absorption coefficients in the alveolar membrane are known. It 
is necessary therefore to find out whether the membrane is of a liquid 
or of a watery nature. Zuntz and Loewy‘) found that the absorp- — 
tion coefficients for CO and N,O in pulmonary tissues were about double 
those found in water and Bohr(s5) thought that this might be due to 
a content of lipoids. It does not follow however that the alveolar wall, 
which can be at most a few per cent. of the total, must also contain 


- lipoids and Bohr himself has in his diffusion calculations taken the 


alveolar membrane as watery. The researches of Cushny(9) on the 
exhalation of volatile substances through the lungs appear to indicate 
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sities that the membrane is not lipoid but watery. Cushny 

measured the quantities of chloroform, acetone, alcohol and other 
substances exhaled through the lungs of cats after intravenous injections 
of measured quantities. He measured further the quantities ‘evaporated 
from mixtures of these substances with water, when a current of air 
was bubbled through the mixtures, and found that the exhalation of 
each substance through the lungs is analogous to the evaporation from 
a watery solution and depends less on its volatility than on its solubility 
' in and affinity for water. It must be admissible therefore to consider 
the alveolar wall as a watery membrane and to utilise the absorption 
coefficients of the gases in water for the calculation of diffusion constants. 

The absorption coefficients for O0,, CO, and CO at 37° are respectively 
0-0242, 0-568 and 0-0184(0), Even if the absorption coefficients in the 
alveolar membrane are not identical with these figures they must in — 
all probability be approximately proportional to them. . 

We have therefore d, = d oo 1-23d,,, and d 

Technique of the determinations. As seen from the formula 
k= cha he the percentage of CO in the alveolar air at the beginning 
and end of a period of accurately measured length must be determined, 
and the immediate object of the experiment is, therefore, to provide 
a uniform CO mixture in the alveoli of the subject and to take out 
samples for analysis at a measured interval. — | 

In the earlier experiments(6) a constant, measured, wien a 
a definite'CO mixture was forced into the lungs. An expiration was 
made after a short interval and a sample of the alveolar air taken. 
In a second experiment the CO mixture was kept a few (generally 
about ten) seconds longer in the lungs before the alveolar sample was 
taken. One short and one long experiment were utilised for each 
determination. This method has been tested also in the present series 
of experiments. It gives substantially the same results as ” method 
now in use but is distinctly less accurate. 

_ The experiments are now made with a technique hick is practically 
the same as that used by Krogh and Lindharda) for blood flow 
determinations on human subjects. In a recording spirometer of 
7. capacity a suitable CO mixture is provided in the following manner : 
One of the gas-sampling vessels of about 50c.c. capacity is filled with 
pure carbon monoxide, prepared from formic acid and sulphuric acid 
and washed with 20°, caustic potash and potassium permanganate. 
The CO is driven over into the spirometer and carefully mixed with 
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about 51. air by means of the revolving fan. When the mixture is 
complete some of the air is driven out through the tubing connecting 
the spirometer with the tap and the mouthpiece. This tubing is about 
90 cm. in length and 2cm. in diameter. The tap, which is suspended 
in front of the subject, is a metal three-way tap with 2cm. bore. On 
the side nearest the spirometer a narrow tube is provided through 
which samples are drawn. The sampling vessels are of the type 
described by Krogh and Lindhardi), but larger (about 50 c.c.). 
When they are not evacuated it takes 2 to 3 seconds to get a sample. , 

An experiment is made as follows: The subject sits in a chair, or 
during the work experiments, on a bicycle ergometer and breathes at _ 
first through the tap to the atmosphere. The kymograph and the clock — 
recording +4; minutes are put in motion. The subject is ordered to 


expire to the residual air, and after the tap has been turned he inspires 


very deeply from the spirometer and thereupon makes a sharp expira- 
tion corresponding preferably to about } of the vital capacity. The 
tap is swiftly closed and a sample of alveolar air drawn from the tap. 
After about 0-1 minute the tap is again opened to the spirometer and 
a second sharp and deep expiration made. The tap is turned to the 
atmosphere and the second sample drawn. __ 

_ Experiments involving muscular work are made as brief as possible. 
The samples (or at least the first) are taken into evacuated vessels and 
some oxygen is added to the CO mixture. : 

The method described, which is in the following denoted as method 
B, has been used for most of the experiments. A few have been made 
by the older method A, and the second method described by Krogh and 
Lindhard (their equilibrium method), which, though the best for 
blood current determinations, is less suitable for CO work, because too 
much of the gas becomes absorbed before the experiment proper, has 
been used only for some special control experiments—method C. 

On the spirometric curve the volume of air enclosed in the lungs 
during the experiment and the interval between the two samples are — 
measured as described by Krogh and Lindhard. To the volume as 
recorded must of course be added the alveolar residual air, which is 
determined for each subject in a special experiment, using hydrogen. — 

‘The analyses of carbon monoxide. My apparatus is a modified 
Petterson apparatus in which the dead spaces are avoided. A pipette 
for CO, absorption and a combustion pipette are provided. The burette 
has a capacity of about 40c.c., of which about 8°, are graduated on 
the stem in ;}5%. By means of a lens it can be read to 0-001%. 
18 
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276 - KROGH. 
The manometer consisting of a single drop of petroleum is also read by 


means. of a lens. | 

Carbon monoxide combines with oxygen according to the formula 
2CO + 0,=200,. The contraction on combustion is therefore one 
half the CO combined,.and the contraction on absorption of the CO, 
formed is equal to the volume of CO which has disappeared. 

The analysis is performed according to the usual technique with a 
few deviations: Mercury is never allowed to pass through the tap of 
the burette or the combustion pipette. On the burette an extra 
three-way tap is provided(12) and the dead spaces washed out thrice 
with air from the sample. The first reading of the burette need not 
be very accurate, but when the CO, has been absorbed it is read with 
the greatest care. The combustion is finished in 1 to 2 minutes, as 
I have convinced myself by numerous control combustions, and after 
that a second reading is taken before the CO, formed by the combustion — 
is finally absorbed and measured. This involves an error in so far as 
the small quantity of CO left in the absorption pipette on top of the 
potash solution escapes combustion. This error is negligible however. 
Table I reproduces a series of control analyses. These show a complete 
agreement on the contractions after combustion, while the contractions — 
after the CO, absorptions are as a rule not quite so satisfactory. I have 
made several more double determinations and always found it confirmed | 
that the combustion figures are more reliable than the CO, absorption ~ 
figures. As shown by the analyses of gas-mixture No. 2 ordinary CO, 
_ absorption can be quite as accurate as combustion, I am unable to 
offer an explanation of the small deviations on the CO, after combustion. — 


TABLE ‘ 
Contraction 

1 0-061 
0-062 0-122 
2. 3-654 0-093 0-186 
— 3-654 0-093 0-180 
— 8-656 0-094 Not read 
0-105 
0-105 
4 — 0-180 0-362 
_ 0-179 0-365 
— 0-310 
0-311 
0-311 
0-317 0-635 
0-318 0-636 
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In the calculations I have utilised the combustion figures, but 
nevertheless I have always absorbed the CO, formed and read off the 
result in order to control the apparatus and to make sure that no 
combustible substance other than CO should be present. 

To obtain the accuracy shown in the table and the good agreement 
between combustion and CO, absorption has been rather difficult. 
Even small traces of combustible substances, which are never detected 
in ordinary combustion analyses, may have a disastrous influence upon — 
my results. At first I found it impossible to obtain agreement 
between the figures for combustion and for CO, absorption. The 
_ apparatus was taken to pieces and cleaned from end to end and after- 
wards tested in every way imaginable, but the di ment remained. 
At last I found out that the tap grease contained volatile combustible 
substances. It is only after introducing pure hogs lard as tap grease 
that I have obtained the desired accuracy. A sebond cause of disagree- 
ment between the combustion and the CO, absorption is that the bore 
of the tap on the absorption pipette may contain a trace of grease 
_ which has been in contact with the potash. A little CO, will then 

become absorbed during the combustion. I should add that the 
combustion pipette must be kept scrupulously clean. It cannot be 
- avoided that the heat of the incandescent wire will melt a little of the 
tap grease, which may come down into the narrow tube and at last 
come in contact with the mercury and through that with the incan- 
descent wire. 

The results of an experiment are figured out as shown in the following 
example. 

Bar. 769mm. Tp. of room 16°. 
Alveolar residual air of the subject 960 c.c. Reduced (0°, 760mm.) 900 c.c, 
Difference between quantity of air inspired 
and expired before the exp. as measured | | 
on the spirometric curve se00 c.c, Reduced 3570 c.c. 


Pulmonary volume 4760 4470 ¢.c. 
Duration of experiment 0-118 m. (7-1 seconds) 
CO percentage I = 0-402 (combustion 0-201); CO percentage II = 0-184 (combustion 
0-092). 
The permeability k= $0008 
Gas tension in the lungs (Barometer — vapour tension at 37°) = 722 mm. 


The diffusion constant for the lungs at the volume measured doo = =n 40-9}. 

, 1 In Abderhalder’s Handb, d. bioch. Arbeitemethoden, vm. p. 546, A. Krogh has 
shown that the reductions of the measured volumes and of the pressure can be omitted, 
because their effects are practically balanced. The diffusion constant is then found by 
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- The sources of error and the accwracy. As shown above the errors on 
the combustion contractions amount to 0-001 or at most 0-002 °/, or 
from 1 to 3% of the average CO percentage. The duration of an 
‘ experiment can be determined with an error which will very seldom 
exceed 1,. | 
During an experiment the quantity of air enclosed in the lungs is 
diminished because the quantity of CO, eliminated is smaller than the 
quantities of O, and CO absorbed. This will influence both the CO 
percentage and the pulmonary volume. As a rule, however, the con- 
traction amounts to less than 1°, of the volume, and its influence is 
therefore negligible. : 
The pulmonary volume during an experiment is the sum of the — 
residual air and the air inspired from the spirometer and retained. 
_ The air from the spirometer can be measured on the curve with an 
error of 10c.c. The residual air is determined in a special experiment 
made by means of the same spirometer and a hydrogen mixture of 
10 to 20%, according to the usual method. ee: 
While double determinations of the residual air of adults differ as 
a rule less than 60 c.c. (about 5°%/,) the difference may exceed 100 c.c. 
in experiments on children, and the error may rise therefore to 20 or 
30°,. The reason for this is that it is very difficult to get children 
to expire as deeply as they possibly can, each time. The determination 
of the pulmonary volume during the experiment itself is therefore also 
very uncertain, as one cannot be sure that a child breathes out to the 
residual air before the inspiration of the CO mixture. | 
In order to find the alveolar residual air the dead space is subtracted | 
from the residual air as directly determined. On some of the subjects 
_ the dead space has been determined directly, but in most cases it has 
been estimated only. This may cause an error both on the pulmonary 
volume and on the determination of the duration of the experiment, 
but in neither case can the error become appreciable. According to 
_ A. Krogh and Lindhardas) the dead space of adult men varies 
between 100 and 160 c.c. and these observers have found further (against 
Douglas and Haldane i4)) that the dead space is not necessarily 
altered during muscular work. An error on the estimated dead space 


multiplying k with the pulmonary volume as read off from the spirometer ( + the residual 
air as caloulated at the barometric pressure and room-temperature) and further with a 
factor which varies very slightly with the temperature of the room, being 0-00131 at 


14°, 0-00130 at 16°, 0-00129 at 18° and 0-00128 at 20°. In the abov® example we have 
doo= 4760 . 6-60 .0-00100=40-9. 
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as high as 50 c.c. may produce an error of about 1°, on the duration 
and 2 to 3 %, on the pulmonary volume. | 

The total error on the pulmonary volume may amount to 5°, on 
_ adults and perhaps 10.or even 15°, on children and certain patients. 

According to A. Krogh and Lindhard«t) the alveolar air becomes 
uniform in composition when a deep inspiration is made immediately 
after the deepest possible expiration. In pathological cases, in which 
the mixture might possibly be incomplete, according to results obtained 
by Siebeck«s), I have made experiments both with method B and 
with method C, and the results agree as shown by the series of experi- 
ments on patients with bronchial asthma and emphysema (see Protocols, 
Nos. XXIII to X XVI). 

In the experiments onthe subject XXIII there is a diffecsnne of 
8°, between the results according to the two methods, but it cannot 
be concluded that the gas mixture has been incomplete in the experi- 
_ments according to method B, because the deviation of single experiments 
on emphysematous patients is often rather large on account of the 
above mentioned difficulties regarding the pulmonary volume. 

As pointed out above (p. 273) it is a necessary condition for the 


applicability of the formula k = Sead Ee that the CO tension in 


the blood during the experiment. can ‘be takes as 0. If this is not the 
case, because so much CO diffuses into the blood that the tension becomes 
measurable, the value of k will become too low. It is necessary there- 
fore to take care that — 
1, The percentage of CO in the alveolar air at the beginning of : 
an experiment is not too high, and : 
2. If several experiments are made at short intervals that the total 
- quantity of CO absorbed by the blood does not become too large. 
In the present series of experiments, comprising 110 determinations, 
the initial CO percentage has been 0-912 in one case, between 0-8 and 
0-7 in four cases, between 0-7 and 0-6 in ten cases, between 0-6 and 0-5 
in 14 cases and below 0-5 in the remaining 82 cases. 
A few calculations will show how large the error from the CO tension 
of the blood may become. . For a certain experiment the initial CO 
percentage was 0-500 and the final 0-120. The pulmonary volume was 


 3860c.c. (0°, 760 mm.) and 3360 TR? = 12-8 cc. CO have therefore 


passed into the blood. The oleate volume of the subject in the 
conditions of the experiment is about 41. During the experiment 
(0-184 minute) 0-741. blood must have passed through the lungs. To 
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reach saturation this quantity of blood would require 137 c.c. CO and 
the average percentage saturation must therefore have been 12-8 }$? 
‘== 935°, to which would correspond, according to the dissociation 
curve constructed by Douglas, Haldane and Haldane(s), a CO 
tension of 0-008 %,! of an atmosphere. The average CO tension in the 
alveoli was 0-3 °/, and the value found for k must be about 3 °, too low. 

In another experiment the CO tensions were: Initial 0-912, final 
0-266. The pulmonary volume was 1550 c.c. and the quantity of 
absorbed therefore 10c.c. During the experiment (0-161 m.) at least 
0-78 1. blood must have passed through requiring for saturation 89 c.c. 
CO. The percentage saturation works out as 11-2 and the average 
. tension as 0-014. As the average CO tension in the alveoli was about 
- 0-6 the error on k must be about 2-3%. - 

The error due to an appreciable CQ tension in the blood becomes 
increased when several experiments are made in rapid succession on 
the same subject. As a rule I have not made more than two experi- 
ments at one sitting, but in some cases it has been necessary to make 
three or even four. Experiment No. 10, Table IT, is the fourth during 
one hour. In the three preceding experiments about 20c.c. CO were 
absorbed and probably about the same quantity during the intro- 
ductory periods. The total blood volume of the subject is estimated 
at 61., and if no CO is eliminated between the experiments the 
percentage saturation caused by the 40c.c. CO absorbed must have 
become 3-6°, corresponding to a tension of about 0-003%,, which 
would produce in the fourth experiment an error of slightly over 1 °/,. 
The total error on & arising from the CO tension of the blood will there- 
fore have amounted to about 4%, in this case, which is -sicossmed 
extreme. | 

As the several accidental errors will seldom influence the result in 
the same direction an addition of the possible errors will not give 4. 
fair idea of the probable accuracy of the method. In some of the 
cases given below, in which four or more determinations on the same 
subject were available, I have calculated the standard deviation of the 
single determination from the mean of the series. These “mean — 
errors’ amount on the whole to about 3 to 4%. 


* The dissociation curve corresponds to an oxygen pressure of 20-9°%/,. At the 
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Phe inne of he on te rate of 
through the alveolar wall. 


In our joint paper on the gas diffusion through the lungs A. Krogh 
and the writer(6) reduced the diffusion constant as found in several — 
experiments on the same person to a definite gas-volume of the liad 
according to the formula : 

$ 


We assumed. that the alveoli were spherical and uniformly Sietunded. 
The surface is then proportional to the $ power of the volume, while — 
the thickness of the epithelium must be inversely proportional to the 
surface. As the diffusion is simply proportional to the surface and 
inversely proportional to the thickness of the membrane we arrive at 
the formula given above. 

In order to test this formula I undertook on my first subject (No. 
XVII) a series of determinations with varying quantities of air in the 
lungs. The experiments are given in the protocol, p. 298. Method A was 
used and the deviations are larger therefore than in later series. With 
one exception the pulmonary volume was in all the experiments larger 
than the mean capacity of the lungs of the subject!, in one series 


- about 200¢.c. larger, in another about 1500c.c. The diffusion con- 
“stants were thereupon reduced to the mean capacity according to the 


two formule: 
$ 
Calculated according to the first formula the largest ones d was 
found from the series with the smallest volume, but according to the 


_ second formula d became largest with the largest volume. I concluded 


therefore at the time that in this individual d must be proportional 
to the volume in a power between | and #. 

In a single experiment, however, the volume was smaller than the 
mean capacity of the lungs (No. XVII, exp. 1), and in this case the 
permeability & was larger than in any other, and d calculated for 
the mean capacity according to the above formule therefore gave a 
considerably higher figure than the experiments with larger volumes. 

1 The mean capacity as defined by Bohr is the sum of the residual air, the reserve _ 


air and half the tidal air. The technique employed for determinations of the mean 
capacity has been described by A. Krogh in Abderhalder’ 8 Hdb. d. bioch. Arbeits- 


methoden, vir. p. 535 
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I thought at the time that the deviation must be due to some accidental 
error and proceeded to make a large number of determinations on 
several subjects, calculating the diffusion constants corresponding to the 
mean capacity of each person according to both the above formule, 


of which the latter f=7) proved to give on the whole the = 


agreement. 

Several elias, however, gave deviating results. As- the 
deviations were far beyond the limits of experimental error it became 
clear that in these cases the reduction according to both formule must 
be inadmissible. The deviating experiments were all such in which 
the pulmonary volume was below the mean capacity, -— the a 
became larger the smaller the volume. 

I came to the conclusion that the most probable scslanintiol must 
be that the alveolar surface only decreases with decreasing volume 
down to a certain limit, but remains constant when the volume becomes 
smaller, i.e. that the alveolar epithelium becomes folded, when the 
volume decreases below the mean capacity. 

To test this conclusion I made a few special series of experiments, 
and in order to obtain definite results I selected subjects with large 
vital capacities. All these experiments were made by means of method 
and was varied except the volumes. 


Taste Il. Subject No, XII 


Vital capacity, 0°, 760 mm., Hg 5-30 litres. Alv. mean capacity, 3-39, 
Pulmonary volume 


Exp. 0,760 mm. Hg k dog 

1 1-92 11-35 30-6 
2 214 10-75 32-6 Volume smaller than 
3 2-32 mean capacity. 

4 2-72 | 

5. 3-48 6-65 308 

6 3-63 6-3 

7 3-71 6-25 31-8! Volume larger than 

~ 3-88 6-7 36-0{ mean 

9 40-9 

10 4-63 5-65 38-2) 
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Taste III. Subject No. XIII 
Vital capacity, 0°, 760mm. Hg, 4-26 litres.  Alv. mean capacity, 2-60. 


volume 

Exp. 0°, 760mm. Hg k doo 

1 1 | 

42 1-0 218) 

2 1-88 8-15 21.4} Volume smaller 

3 1-89 8-15 21-6 

4 2-90 64 26-1) Volume larger than 

5 3-51 6-05 29-7 mean capacity. 


TaBLE IV. Subject No. xx 
Viel capacity 0", 760 mm, Hg, 372 Heres. 


volume 

Exp. 0, 760mm. Hg k dog 

2-61 $60 35-2) Volume smaller than 
2 2-78 8-70 36-0 mean capacity 

3-26. 6-24 | 

4 3-36 1°14 36-5 
5 3-40 7-98 37-3 
6 3-68 7-98 41-9 

3-68 7-86 40- 


- Exps. 10, Table II, and 4, Table IV, show unusually large deviations — 
and are probably faulty, though the errors have not been detected!, 
but disregarding these the tables show that the diffusion is independent 
of the volume when that is below the mean capacity, and approximately 
proportional to the volume when that is above the mean capacity. 
The permeability k decreases with increasing volume up to the mean 
capacity, but remains practically constant with larger volumes. In 


‘my opinion these results must mean that the surface of the alveoli 


remains practically unaltered, because the epithelium becomes folded, 
when the lungs are collapsed beyond the mean capacity. At the mean 
capacity the folds are flattened out, and when the alveoli are inflated 
beyond that volume the epithelium is distended. 

In experiments on the gas diffusion through the lungs it is necessary 
to determine the alveolar mean capacity of each subject. If the 
quantity of air contained in the alveoli during an experiment is smaller 
tham the mean capacity the permeability & is calculated, and when 


Exp. 


. 
5 
3 
a 
} 
| 
| = 
4 
5) 
q 
wa 
, a 
4 
4 
¥ 
ag 
; 
hy 
af 
> 


984 | KROGH. 


experiment the mean diffusion constant is obtained directly. If on 
the other hand the quantity of air in the lungs is larger than the mean 


capacity the mean diffusion constant is calculated from the k found - 


in the experiment and the mean capacity. 

The possibility of making diffusion determinations at any yileane 
of the lungs facilitates the work a good deal. If it were necessary to 
have the lungs filled to a definite volume many experiments would be 
frustrated, because it is difficult even for trained and — persons 
to expire at will a definite quantity of air. 


In the section on the sources of error I mentioned as the most 


important errors on the permeability determination the error on the 
analyses and the error on the determination of the duration. The 
diffusion constant is further influenced by errors on the determination 
of the pulmonary volume. While the two first named errors depend 
on the whole on the apparatus and the experimenter, the last depends 
greatly on the subject and may therefore in certain cases become 
inconveniently large. In experiments on children, patients and 
untrained subjects generally this source of error should therefore be 
avoided by making the experiments on volumes larger than the mean 
capacity. The mean capacity must then be measured by the necessary 
number of special determinations. 

In a paper by Cloettaaz) on the circulation, through the lungs at 


different stages of inflation and collapse microscopic sections are repro- — 


duced showing lungs of cats and rabbits fixed respectively in normal 
and } inspiratory position, in normal expiratory position and collapsed. 
These preparations show that in the state of inspiration the alveoli are 


distended and their walls aresmooth. In the state denoted as } inspira-— 
tion the alveoli are still large, but a folding of the walls begins to appear. 
In the state of expiration the folding is very pronounced, and the 


alveoli are small and of irregular form. In the collapsed lung the 
alveoli have to.a great extent disappeared completely. The agreement 
between these results and what I have found with regard to the diffusion 


through human lungs at corresponding stages of inflation is obvious. 
The infuene of the rate of blood flow through the lunge om the rate ; 


of diffusion through the alveolar wall. 
In the section on the sources of error I have stated why the co 


tension in the blood as a whole cannot rise above a very small figure. 


This does not imply however that the — of — — inside the 
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capillary wall may not posseés a distinct CO tension, which may more- 
over be variable with varying velocities of the blood stream. When 
the blood flows through the vessels the particles nearest the walls have 
a smaller velocity than those in the axial part of the current. The 
slower the current the thicker must be the layer with a small velocity 
and therefore the greater the resistance against gas diffusion from the 
alveoli and vice versa. That this is so cannot be doubted, though it 
is difficult to measure the differences quantitatively. It is obvious 
_ that if a small increase in the blood flow could increase the diffusion _ 
_ measurably the method as used would not be reliable, but the blood 
flow would have to be determined each time. along with the diffusion. 
I have attempted to decide this question by means of a special series 
of experiments. | 

In many cases, namely during rest and with a constant ‘com 
consumption in the tissues, the O, absorption taking place in the lungs 
during the diffusion experiment would be an index of the changes in 
blood flow as pointed out by A. Krogh and Lindharda), and it 
would have been very useful to have analysed the gas samples also 
for oxygen and to have calculated the O, absorption. This could not - 
be done however on my gas analysis apparatus, and I have had to 
compare separate experiments measuring the blood flow and the 
diffusion respectively in conditions which were of course made as 
similar as possible. 

Experiments have been made which involved a comparatively 
small increase in the blood flow as well as others in which a very large 
inerease was brought about by muscular work. On the subject No. 
_ XVIII a series of minute volume determinations have been made 
by Lindhard both by means of the residual method (my method B) 
and by means of the equilibrium method (C). The averages of the 
minute volumes as measured in the experiments (not reduced) were 
method B, 7-851., method C, 6-81. I have made diffusion determina- 

tions on the same subject by both methods and found 


Method B 302 306 Average 30° 


While the minute volume in experiments according to method B is 
increased 15°,, the diffusion is only increased 3°%/,, which is within 
the limits of error. It appears therefore that the diffusion is not 
measurably affected by such changes in the blood flow as occur readily 
during rest, but the experiments made are not sufficient to settle the 
matter definitely, and I intend to investigate this point further. 
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muscular work the blood flow is much increased and from 
a resting value of 4-51. the minute volume can rise above 211.(9). We 


must expect therefore to find larger diffusion constants during work 


than during rest. Table V shows this to be the case. 


TaBLe V. 
. Alv. mean At mean capacity 
Subject Method A doo do. 
XI B 86 22 — Rest. 
| — 11-65 345 — After a short run upstairs. 


249 675 241 296 Rest (mean of two determinations 
ute volume about 451. . 
XVI B 965 334) Work on , about 700 kg.m. 
89 29-8 39-4 per m. ute volume probably 
96 328 about 201 > 
3-03 48 203 25 Rest (mean of ten determinations). 
XVII A volume about 6 1. 
70 30-2 
307 62 26-6 y about 22 1. 
3-09 80 345 425 Rest (mean of five determinations). 
84 41-4 
85 426 
317 7:96 362 433 Rest (mean of six determinations). 
| | Minute volume about 6 1. | 
945 41:6 | | 
xx B Work on ergometer. 
9S 441) about 1000 
lias { 45-6 ute volume about al. 


The increase in the diffusion constant observed is or just after 
work is not the same in all individuals, and the differences are on the 
whole easy to explain. On No. XI only one work experiment has 
been made and as the work was not measured and probably small 
I shall leave this case out of account. Of the other four subjects two 
(XVI and XVII) are untrained and two (XIX and XX) comparatively 
well trained in muscular work. It appears to be characteristic of 
muscular training that the circulation rate corresponding to a definite 
—not too small—amount of work decreases, while the utilisation of the 
oxygen carried by the blood is increased, and it is in good accordance 


with this rule that the percentage increase in the diffusion is smaller in _ 


XIX and XX than in XVI and XVII. 


or 
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The variations in CO diffusion with varying circulation rates are not 
to be considered as errors on the determinations of the diffusion through 
the alveolar wall, though this considered by itself should obviously 
be independent of the velocity of the blood flow. What concerns us 
is not however the exact figure for diffusion through a certain mem- 
brane, but the conditions determining the supply of oxygen to the 
blood. When the OO diffusion depends on the circulation rate the 
same must be true also of the O, diffusion. 

I have convinced myself by a few special experiments that varia- 
tions in the circulation rate are in no way responsible for the diffusion 
constants found with large and small pulmonary volumes respectively. 
On subject XII I obtained determinations of the blood flow! by the 
residual method (B) at two different volumes of the lungs and found 


Taste-VI. Subject XII 


No. 0" 760 mm, Hg 
1 382 6°25 504 
2 1-75 6-15 508 
3 3-82. 674 


On subject XIII the minute volume had been determined by 
Lindhard using the equilibrium method at about the mean capacity 
(2°61.) and found to be about 51. I obtained a determination! at 
a volume of 1-41. and found 5-41. The circulation rate is therefore 
not appreciably affected by changes in the pulmonary volume. | 


‘The individual variations of the gas diffusion through the lungs. 
As mentioned above, the errors in ———- on children are on 
the whole larger than on adults. 

_ The determinations made on healthy subjects during rest have been 
summarised in Table VII which shows for each individual the average 
permeability and the average diffusion constant for oxygen as found 
at the normal mean capacity of the lungs. The diffusion constant 
has been calculated also per square metre body surface, using Meeh’s 
formula. As mentioned above the experiments on children may give 


rather large errors, but on most of the adults the — given are very 
reliable. 


| 
| 
| a 
| 
| 
| 
44 
“gl 
Bos, 
Ry 
ulmonary volume Minute De absorbed 
3 
7 
’ 
a 
4 
Ss 
4 


Taste VII. 
air pe capectty mean capacity ‘k dae 

059 147 «+19 96 18 
(0-50) (-065) 164 (1-32) 86 213 1665 
0-34 (-05) 1-78 1-12 11-7 
0-69 (10) 286 2-12 760 #273 163 
(0-81) (10) 309 (2-36) 70 1 
0-84 (10) 217 1-93 6956 20-7 12-9 
100 (15) 3°24 70 «17-9 
100 (13) 480 348 66 392 207 
(13). 348 (274) 77 416 
(10) 328 2-07 86 358 190 
0-90 (15) &80 3-39 655 380 168 
0-92 (15) 426 2-60 606 27-1 129 
124 (14) 3658 3-03 66 342 176 
0-92 (15) 4465 3-02 76 3956 86187 
0-96 (10) 305 249 675 26 149 
1-32 “15 3-82 3-03 52 278 148 
1:24 14 3-04 700 «636-9 8163 
1-00 “13 4-00 3-09 800 425 19-9 
124 372 317 796 6433 
102 360 2-50 95 411 186 
195 (15) 354 332 60 826 125 
* Per sq. metre body surface. 
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The table shows: 

1. That the diffusion constant during rest and per square metre 
surface lies in men (18 subjects) between 12-5 and 22-3. 

2. In women (3 subjects) it appears to be smaller (12-9-14-9) 
which is due to the smaller capacity of their lungs, while the permea- 
bility is about the same as in men. 

8. In children (4) the diffusion per square metre is about the same 
as in adults (14-8-18-6), but while the permeability of their lungs is 
greater the volume is relatively smaller as compared with adult men. 

The diffusion is determined by two factors, namely the permeability 
k and the mean capacity of the lungs. The diffusion constant is directly — 
proportional to both. 

Two persons may have about the same diffusion constant, as for . 
instance Nos. XVI and XVII (14-9 and 14-8 respectively), though both 
_ the mean capacity and the permeability are very different, XVI having 


@ mean capacity of 2-49 1. and k = 
of 3-03 and k = 5-2. 
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If we compare the subjects XVII and XIX, who have about the 
same mean capacity during rest but very different permeabilities 
namely 5-2 and’8-0 respectively, their diffusion constants become very 


: ‘different. . The same is the case with. XIII and X XI who have likewise 


about the same weight and the same mean capacity but permeabilities 
of 6-06 and 9-5 respectively. 

The large individual differences in the permeability may be due 
to differences in the thickness of the alveolar membrane or to differences 
in the size of the alveoli. Small alveoli will increase the surface corre- 
sponding to a given: volume. 

With regard to No. XVII, who has an exceptionally low permeability, 
I have attempted to get a little nearer to the problem, but without 
success. The lungs of this subject are stethoscopically normal and — 
do not show any symptom of disease. There was a rather severe 
attack of pneumonia crouposa at the age of five years, but beyond this 
he is not known to have suffered from any pulmonary complaint. 
I thought then that a pneumonia might possibly lead to such a change 
in the pulmonary epithelium that the diffusion became more difficult. 
In order to test this hypothesis I have determined the diffusion on 
other persons who had gone through a pneumonia (XXVII, XXVIII, 
X XIX) in which the permeability measured at the mean capacity was 


found to be 7-0, 6-8 and 5-6 respectively. These figures are so near 


the average for normal subjects that no conclusions can be drawn. 
It will be necessary to examine a much larger number before any result 
can be arrived at. 

As another possibility I thought that the low permeability in 
No. XVII might be due to a structural peculiarity of the lungs showing 
either relatively large alveoli or relatively thick membranes. If this 
were so similar conditions might be expected in near relatives of the 
subject. In two brothers (XIV and XV) I found permeabilities of 
6-6 and 7-6 respectively and in the father (XXII) 5-2. These results 
too are inconclusive, since the permeabilities of XIV and XV are 
normal, In XXII the permeability is as low as in XVII, but on account 
of the difference in age I do not think it safe to draw conclusions about 
common alveolar peculiarities, because the possibility cannot be abso- 
lutely excluded that in XXII a disintegration of alveolar septa may 
have begun and may be responsible for the low permeability. 

The mean capacity of the lungs also varies individually. In most 
of the cases examined the mean capacity of the lungs of men weighing 
about 60 kg. is about 31. (at 0°, 760 mm.) (so XIV, 3-03; XV, 3-02; 
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XVII, 3-03; XIX, 3-09; XX, 3-17), but in TX and XI who also weigh 
about 60 kg. the figures are 3-48 and 2-071. respectively. In spite of 
his having the highest permeability so far recorded XI has the pene 
diffusion constant on account of his small lungs. 

‘When both the permeability and the mean capacity are large we 
obtain a large diffusion constant as in XIX and XX. We shall consider 
now whether persons having large diffusion constants will be able at 
low oxygen pressures and when doing heavy muscular work to obtain 
the necessary supply of oxygen by diffusion. It has been admitted by 
Bohr@) and Haldaneds) that diffusion will in all cases be sufficient 
to explain the oxygen absorption during rest at atmospheric oxygen 
pressure. We take as an example No. XIII who has the very low 
constant d, = 27-1. When his oxygen consumption during rest is put 
at 300 c.c. oe minute, a mean 0, tension difference between the blood 
in the lungs and the alveolar air of 11 mm. will: be sufficient to get 
the oxygen in, and a much larger tension difference can certainly be 
obtained. Bohr(s) put it as high as 53mm. During rest and also 
during moderate muscular work at ordinary oxygen pressure it does 
not matter therefore whether the diffusion constant of a man is high 
or low. But at low oxygen pressure or os the heaviest ‘meealir | 
work the conditions are different. : 


‘The oxygen diffusion at low oxygen pressures. 

In the paper by Douglas, Haldane, Henderson and 7 
Schneider(4) the authors calculate the O, quantities which may in 
certain circumstances get into the blood by diffusion and compare with 
- them those quantities which have been actually absorbed during the 
corresponding respiration experiments. They find by these calcula- 
tions that diffusion is quite insufficient to explain the oxygen intake. 
On p. 204 there is such a calculation concerning a work experiment 

on Douglas at the barometric pressure of 457mm. The oxygen 
absorbed per minute is 1725c.c. The alveolar oxygen tension is given 
as 53-4mm. They find that with a diffusion constant of d,. = 38 the 
mean tension difference must be 1425 = 45-3 mm. Adecoing diffusion 
to be alone responsible for the O, absorption such a tension difference 
can, according to the authors, have been reached only if the venous 
blood was completely deprived of oxygen, and the saturation of the 
arterial blood did: not exooed 18%. They point out however that 
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such a state of things is impossible as there were no symptoms of 
oxygen want, and they assume that the O, tension of the venous blood 
cannot probably have been below 20mm. and that of the arterial 
blood probably not below 60 mm. The Authors conclude therefore 
that the oxygen absorption cannot be explained by diffusion, which -is 
in excellent agreement with the high arterial tensions found by the 


carbon monoxide method. 


Their calculations are open to objection on two counts, namely : 

1. Their value for the diffusion constant, the only one accessible 
at the time, is accidentally very low; 

2. Their determination of the alveolar oxygen tension is too low, 


and they assume a very large increase of the dead space during work. 


A. Krogh and J. Lindhard have shown that the dead space is 
not measurably altered during muscular work (13), and in a later paper (18) 
they have shown further that the Haldane-Priestley samples of alveolar 
air, when taken during muscular work, do not show the true alveolar 
tensions but correspond to gas-mixtures which contain more CO, and 
less oxygen. The mean alveolar gas tensions can be calculated with 
considerable accuracy by means of Bohr’s formula, when the dead 
space has been determined. 

- Using values for the diffusion constant from my own determinations 
and alveolar O, tensions calculated by means of Bohr’s formula, I 
have calculated the possible diffusion in that experiment from the 
Pike’s Peak paper which is apparently the most unfavourable, a work 
experiment on Douglas ((4) p. 249) showing the a oxygen intake 
measured at such a height. 

From the following data: 


Bar. 459 mm.; Pulmonary ventilation per minute 111°31, tidal air 3°28 1. (both 
measured moist at 37°, 459 mm.), CO, elimination 2295 and O, absorption 2195 0.c. per 
minute (0°, 760 mm.), a personal dead space of 160 o.c. 
etc. assumed to be 50 0.0. | 


I have caleulated the sence O, tension according to Bohr’s formula 
and found 69mm. By means of the Q, dissociation curve for human 
blood I have further calculated the possible mean QO, tension difference 
by graphical integration in the manner described by Bohr (6) assuming: 

1. . That the arterial blood reached a saturation of 80°, (45 mm. 
tension) and that the venous was 27°/, saturated (17 mm. tension). 
- 2.> That the arterial saturation reached 80°, (45 mm.) while the 
venous was 20°, saturated (14-5 mm.). | 
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8. That the arterial saturation reached 78°, (43 mm.) while the 
venous was 27 %/, (17 mm.). 

Under the three different assumptions I find mean tension differences 
of 38-9, 40-2 and 39-9 mm. respectively. When the diffusion constant 
for oxygen during muscular work is taken to be 56, a mean tension 
difference of 2425 = 39-2 mm. will be sufficient. 

The oxygen capacity of Douglas’ blood was 44 x 185 = 222 c.c. per 
litre. Under the three above assumptions we have the utilisations 
53, 60 and 51°, respectively or 118, 133 and 113 c.c. oxygen per litre 
and the minute volumes therefore work out as 18-6, 16-5 and 19-4 litres 
respectively. During muscular work at sea level utilisations up to 
80°, have been observed and in such cases the venous blood cannot 
_be more than 15°, saturated. The utilisations which I have assumed — 
for Douglas are therefore certainly not excessive, and it is possible 
that the saturation of the arterial blood may have been even higher 
than the 80°, assumed. With 80°, saturation a slight cyanosis is 
perhaps probable, but it would be 80 slight that it must be difficult 
to detect it. 

As most men have diffusion constants which are considerably lies 
than the one used in this calculation it is easy te understand why only 
comparatively few persons are able to stand such low oxygen pressures 
without preceding adaptation and training. Douglas, Haldane, 
Henderson and Schneider mention (p. 191) the fact that out of 
200 tourists, who had ascended Pike’s Peak to see the sun rise, only | 
_ sbout 20 were able to witness it, the remainder had to go down again 
at once. In those who could stay, there were at first pronounced 
symptoms of oxygen want, and especially the cyanosis and the hyper- 
pnoea during work were very conspicuous in the first few days, but 
after a time the symptoms disappeared with the exception of the 
increase in ventilation. | 

The authors say (p. 204) that even if the circulation rate is increased 
the conditions of oxygen diffusion will not be improved, because the 
oxygen tension of the venous blood will rise and the mean tension 


difference therefore become diminished, and the same argument will — 


apply to an increase in the hemoglobin concentration. I am unable 

to agree with the authors.on this point. Ata normal oxygen pressure ~ 
an increased circulation will undoubtedly lower the mean tension 
difference,. because the arterial blood will attain practically ‘complete 
saturation in spite of the increased rate, while the oxygen tension of 
the venous blood will rise and the utilisation of the —_—" will become 
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diminished. At low oxygen pressures, when the tissues begin to suffer 
from oxygen want the case will be different. There is no reason to 
think that the oxygen tension of the venous blood will rise in proportion 
to the circulation rate’, but the tension equalisation between the alveolar 
air and the blood will become less complete, and the oxygen tension 
of the arterial blood will decrease. The mean tension difference there- 
_ fore becomes increased, and the conditions of diffusion are improved. 
The diffusion constant itself is moreover slightly increased with an 
increased blood flow. 

An increase in the circulation rate would therefore often be able 
to bring about such conditions of diffusion that the organism could — 
- obtain the necessary amount of oxygen. 

If, however, the circulation becomes too rapid and the sacheatel 
oxygen tension therefore too low trouble will arise from the central — 
nervous system, and the organism suffers, even if the heart can easily 
accomplish the work. People with a low diffusion constant and a 
low or even a normal hemoglobin percentage are therefore unable to 
stand low oxygen pressures. A circulation rate, which would be suffi- 
cient to allow the necessary amount of oxygen to diffuse in, would 
lower the arterial oxygen tension too far, and the brain will show 
symptoms of oxygen. ‘want. 

An increase in the hemoglobin soncentestion, or oxygen carrying 
capacity of the blood will, like an increase in the circulation rate, raise 
the mean tension difference and improve the diffusion. The higher the 
hemoglobin percentage the slower will be the circulation necessary to 
allow a certain amount of diffusion and the higher therefore the arterial 
oxygen tension. 

It seems desirable to say also a few words about the expedition of 
the Duc d’Abruzzi in the Himalayas in which a height of 24,600 
feet, corresponding to a barometric pressure of 312 mm., was reached. 
This expedition is considered by Haldane and his co-workers as a 
striking example of the insufficiency of a simple diffusion theory. It 
is unfortunately not possible in this case to make a complete calculation, 
since the necessary data are wanting. Haldane assumes that the 
members of the expedition must have been doing work corresponding 
to an oxygen absorption of at least 1000 c.c. per minute, which seems 


_ likely enough, and he assumes further that the alveolar oxygen tension 


has been 30 mm. With a diffusion constant of d, = 38 a mean tension 


| * During muscular work the utilisation of the oxygen is increased and often very 
greatly increased in spite of the increase in circulation rate. | 
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difference of 26-3 mm. would be required to account for the intake of 
the oxygen by diffusion, and this is obviously out of the question with 
an alveolar tension of 30mm. — | 

As pointed out above the alveolar oxygen tensions calculated by 
Haldane and Douglas are too low. If we assume in this case a 
personal dead space of 160.c.c. and further a ventilation of 57-51. per 
minute with 2°31. tidal air and a respiratory quotient of 0-92, assump- 
tions which correspond to the measurements on Douglas during work 
on Pike’s Peak from July 16 to August 9, the alveolar oxygen tension 
as calculated from Bohr’s formula works out as 38mm. If we assume 
the maximum ventilation measured (111-31.) the alveolar O, tension 
becomes 47mm. If the diffusion constant has been 56 the necessary 
mean tension difference is reduced to 17-8 mm., which could be obtained _ 
with an arterial saturation of 60°/, (30 mm. tension). The arterial 
0; saturation may have been even higher. The stay of several months 
in the mountains has undoubtedly produced a very considerable 
increase in the hemoglobin percentage. Douglas, Haldane, Hen- 
derson and Schneider (p. 316) mention the case of a man who after 
one month at 13,000 feet and two at 15,000 had his hemoglobin 
increased to 146°, of the normal. 

In my opinion it cannot rightly be said that the mountaineering 
success of the Duc d’ Abruzzi is incompatible with a diffusion theory. 
When therefore, according to Douglas, Haldane, Henderson and 
Schneider, the acclimatisation to low oxygen pressures is brought 
_ about by means of 

_ the alveolar epithelium; 

2. An increased pulmonary ventilation; © 

3. An increased quantity of hemoglobin ; 

I must rule out the first of these factors as being unproved both as 
regards its reality and as regards its necessity. 

The increase in pulmonary ventilation diminishes the alveolar 
CO, tension, increases the alveolar O, tension and improves the diffusion. 
By the increase in hemoglobin the necessary amount of oxygen can 
be transported with a slower rate of circulation, and the arterial oxygen 
tension can therefore come nearer to the alveolar. It is quite possible 
that more factors than these are at work in the acclimatisation to 
low ‘oxygen pressures. The utilisation of the oxygen may become 
improved and the toleration of low arterial oxygen tensions on the part 
of the central’ nervous = may increase, aes in view of the above 
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calculations it appears ‘to me that the two factors enumerated, viz. 
the increase in pulmonary ventilation and the increase in hemoglobin 
concentration must be of paramount: importance and in those ~~ 


largest 0, absorptions measured on man lie between. 3-5 and 
i. per minute. In one of Krogh and Lindhard’s work experiments 


- an oxygen absorption corresponding to 3760 c.c. per m. was observed 


during a fraction of a minute. With a coefficient of utilisation of 0-73 — 
and a diffusion constant of 56 this quantity will be perfectly able to 
get in by diffusion, and the arterial blood will be able to reach a practi- 
cally complete saturation. If the oxygen capacity is normal and the 
utilisation 0-73, a minute-volume of about 281. will be required to 
transport the oxygen, which probably comes very near the upper = 
limit for the power of an average human heart. 

While during work at low oxygen pressures it will as a rule be the 
diffusion through the lungs which sets the limit for the intake of oxygen, 
the heart will during work at normal — probably in most cases 
be the limiting factor. 

It harmonises well with the results obtained by Evans and 
Starling as and . by Henriques(2) with regard to the combustion 
processes in the lungs, that it is not necessary to assume any cellular 
activity on the part of the alveolar wall neither in the form of a direct 
secretion of oxygen nor in the form of a combustion of intermediate 


metabolites supposed to increase the mean O, tension 


SuMMARY. 


1. A method is described for the determination of thé gas diffusion 
through the lungs of man during rest and also during muscular work. 
The diffusion constant for oxygen (d,) is defined as the number of 
c.c. O, which will diffuse from the alveoli into the blood in one minute 
at a tension difference of 1 mm. 

2. The diffusion is independent of the pulmonary volume up to 
a certain volume, which appears to correspond to the mean capacity. 
When the volume becomes larger the diffusion increases in simple 
proportion to the volume. 

3. ~~ diffusion is increased during muscular work independently 
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296 KROGH. 

of any changes in the pulmonary mean capacity. The increase is due 
to changes in the circulation rate. 

4. The diffusion constant, measured at the mean capacity, varies 
individually. In adults variations have been observed from 23 -to 48 | 
during rest and from 37 to 56 during work. — q 

5... Diffusion is shown to be sufficient to explain the gas exchange 
between the alveolar air and the blood in all cases which have been __ : 


investigated in sufficient detail, both at low er — and during : | 
the heaviest work. 
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GAS DIFFUSION IN LUNGS. 
Proroco, or Mape!, 
mean volume Observed in exp. ‘mean capacity 
| » M42 885 177 885 166 
B 128 130 >92 >167 
<123 <226 
<10-45 <186 
12 S81 Ml 77 
” ” 1-00 12-45 17:3 9-5 17:3 
IV B W2 125 1235 220 194 197 
B 212 233 74 828 
VI B, (236) 273 65 M9 65 2146 
268 685 21 685 225 
B 108 17% $%T5 187 68 187 
VII BR 32% 318 415 318 70 3818 
| IX B 348 335 65 302 63 302 
X B (274) 300 77 337 77 337 
XI B 207 230 86 22) 86 
199 34-5 11-66 34-5 After work—running 


4 ¥ The determinations have been made during rest when not otherwise stated. 
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306 8664 30-6 
326 675 32-6 
31-3 
32-6 6-95 32-6 
30-8 665 30-0 
32-2 6-3 30-0 
31-8 625 29-2 
360 866-7 31-5 
409 31-0 
32 
60 . 218 
21-4 5-9 21-4 
21-6 5-95 21-6 
26-1 6-4 23-4 
297 «6-05 
204 64 27:7 
30-7 6-7 28-3 
31-9 74 31-5 
33-6 VT 32-7 
20-1 5-65 20-1 
20-7 57 20-7 
22-2 6-35 22:2 
24-7 695 . 242 
(269 
836 9-65 33-4 
29-8 
39-3 9-6 32:8 
5°15 21-8 
19-2 415 17-7 
21-7 4-7 20-2 
19-2 4-2 17-9 
22-6 4-9 21-0 
19-3 4-25 18-0 
29:8 6-5 
29-2 18-9 
31-1 48 20:8 
204 48 03 
23-8 5-2 22-6 
33-3 
29-4 . 62 26°65 


| 
339 
214 10-76 
348 665 
3°88 67 
99 7 
4-63 5-5 
260 1-42 10-95 
- 1-88 815 
1-89 8-15 
» 200 64 
a 3-51 6-05 
4 XIV 3-03 3-28 6-4 
4 3-28 6-7 
xV 3-02 3-06 74 
3-10 V7 
4 6231 866-05 | 
3 2-54 6-95 
2-80 6-85 
3 2-50 9-65 
: 700 kg.m. per m. 
x 3-00 9-6 
2-35 6-65 
3°28 4°15 
3 99 3°26 4-7 
a 3°24 4-2 
q 3-26 4-9 
3-25 4-25 
3°28 6-5 
467 
4-53 48 
4 3°24 5-2 
3.38 1-0 After work—running 
4 3-38 6-2 upstairs. 
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mean 
Subject Method aL 760 k doo Remarks 
XVII B 304 353 705 350 705 302 
XIX B 300 275 90 87 80 347 
» 950 325 -906 414 84 414 
» » 802 416 84 ais} ager gems 
286 104 426 85 
| XX B 317 340 80. 373 80 348 
» 278 98 30 815 360 
| » 812 266 1015 416 945 416 
232 12-66 41-5 9-45 Work on ergometer, 
441. 98 441] 1000kg.m. per m. 
i XXI B 250 289 103 348 985 348 
B 332 446 G2 325 62 
~ €8 25 €8 222 | 
XXII B 261 2090 695 24 605 25-5 Asthma,Emphysema. 
28% 66 226 2146 
XXIV B 312 246 $85 289 66 Asthma bronchiale. 
279 815 319 £73 31-9 Emphysema. 
XXV B 260 312 69 302 69 260 Asthma 
802 69 292 69 260 Bronchitis chronica. 
XXVI B 203 204 605 250 605 21-5 Asthma,Emphysems. 
XXVIII B 200 300 67 21 67 Pneumonia sin. 
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- THE MODE OF ACTION OF CARBON DIOXIDE ON 
q THE BLOOD- PRESSURE. By E. ae CATHCART AND 
4 G. H. CLARK. | 
(From the Department of Physiology, Glasgow University.) 

: In a previous paper we considered the influence of carbon dioxide on 
the heart in varying degrees of anwsthesiaw) and showed that deep 
anesthesia effectively inhibited the mechanism which normally causes’ 

_g@ rise in the blood-pressure on the administration of small doses of 
_ CO, (4 litres of 12°/,). No attempt was made in that paper to deter-— 
mine the particular mechanism involved, but further work has put us 
in possession of facts which certainly help towards the elucidation of 
this question. 

* Kaya, working with Starling, first showed that in the intact 
animal a rise of blood-pressure followed an increase in the carbon dioxide 
tension in the blood and that a subsequent reduction in this tension 
brought about the return of the blood-pressure to normal. When a 
- spinal animal was used no rise in blood-pressure followed the adminis- 
tration of the CO,, although sometimes there was some improvement — 
of the heart beat. Using the isolated heart-lung preparation Jeru- 
salem and Starling«) found that an increase in the proportion of 
CO, in the air inspired caused slowing of the heart. They found also 
that quantities of CO, up to 8°/, of an atmosphere caused increased 

_ ventricular output, whilst quantities above that figure up to 20°/, caused — 
diminished output. This increased ventricular output with the lower 
proportion of CO, i is probably i in part responsible for the raised blood- 
pressure. 

Further work was carried out under the dlosction of Starling ~ 
Itami@ and von Anrep@. Itami found that with 5 to 10°, of 
1 CO, the cardiac output increased and a rise in blood-pressure took 
a place. With larger percentages the heart dilated and the output 
u diminished. The blood-pressure however rose. Von Anrep showed 
by experiments on intact animals, with and without their suprarenals 
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tied off, that the CO, rise in blood-pressure did not occur after 
ligation. No particular effort was made to determine the nature of 
the mechanism of this reaction. The result was in part corroborated 
by Cannon and Hoskins@ and by Czubalskim, who found that 
in asphyxia there is an increase of adrenalin in the blood, and a rige in 
the blood-pressure. 

Throughout the experiments detailed the procedure was uniformly 
the same. Where the intact animal was used the heart, carotid artery 


Fig. 1. Fig. 2. 
Fig. 1. Intact animal, lightly anesthetised, 4 litres 12 °/, OO, given between uprights 


Fig. 2. Decapitated animal, 4 litres 12 °/, CO, given between uprights on 
abscissa. Abscissa 0. Intervals 10 seconds. 
In all figures Top trace=auricle; Middle= ventricle; Bott blood 


and jugular vein were exposed and attached as previously described by 


us. The decapitation was carried ont by means of the special clam | 
devised by one of us (G. H. C.). On several occasions the decapitation | 
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was done in the midst of an experiment without interfering in any 
way with the apparatus already in position. The only well-marked 
alteration is that of the blood-pressure, which falls to 20—40 mm. of 
Hg, but remains constant about that figure. The amount and per- 
centage of CO, given were the same as in our previous experiments, 
viz, 4 litres of 12°/, in air. The mode of administration was also 
identical. 


ental, 4 litres 12°), CO,. 
Abscissa 50. Intervals 10 seconds. 


Protocols I and II are typical records of the effect of CO, upon the 
heart rate, amplitude of movement and upon the blood-pressure in 
the intact (lightly anzsthetised) and decapitated animal. In the case 
of the: intact animal shortly after the administration commenced the 


_ blood-pressure started to rise, slowly in some instances, rapidly in most. 
The apex of the blood-pressure curve invariably succeeded, often by as 


much as 15 seconds, the cessation of the administration of the CO,, 
| - 20—2 
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but it synchronised with the point of minimal movement. of the ventri- 


cular lever. The heart was generally slowed to a greater or less extent. 
Under the influence of pure air the cardiac amplitude rapidly regained 
its original volume but the blood-pressure returned to its original level 
more slowly (see Fig. 1). | ; 


Protocol I. Intact animal. Lightly anmsthetised. 4 litres 12%, 00, given. 


Rate, 
Auricle } in 8 seconds 0 

Amplitude. 
Ventricle) average of threecon- 63 46 
Auricle tractions in mm. 17°65 12 eg 8 
Blood-pressure in mm. Hg. 95 114 185 ‘187 


In the case of the decapitated animal our results were also quite 
uniform. Like Kaya and Starling we found that no rise ofvblood- 
pressure took place, but in our experiments as a general rule the heart 
amplitude diminished rather than increased. On the administration 


of the CO, both the cardiac rate and amplitude rapidly diminished, 


reaching a minimal value shortly after the administration ceased. 
The blood-pressure tended to fall slightly throughout the administration 


(see Fig. 2). - 


Protocol II. Decapitated animal. | 4 lites 12°, 00, given. 


Commence- Middle  Endof 10 seconds’ 
Rate, ment ofexp. of exp. exp. later 
Auricle 12 10 8°5 
Amplitude. 
Ventricle . average of three con- 425 815 15 12 
Auricle tractions in mm. 2 5 
Blood-pressure in mm. Hg. 23°65 19 18°5 17 


ments were carried out on the same animal. 


Protocol III. a. Intact animal moderately anesthetised. 4 litres 12°, CO, given. 
b. Same animal, decapitated. 4 litres 12°/, CO, given. 


Commence- 
| mentofexp. fem 
Rate. a b a b a b gerne 
Amite 65 6 65 6 
Amplitude. 


Ventricle) average of three con- 42°5 21 
Auricle tractions in mm. 1% 6 
Blood-pressure in mm. Hg. 55s 


18 42 17 41 17 
4 5 26 6 65 
45 118885 
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Mere severance of the nerve supply to the heart ‘f not responsible 
for the failure of the blood-pressure to rise in the decapitated: animal. 
As the following protocol shows section of the vagi did not prevent the 
ordinary CO, rise. IVa gives the result of the administration of CO, 
to a normal intact animal moderately deeply anwsthetised (see Fig. 3 a). 
The vagi were next cut. As the result of the administration of CO, 
the auricular amplitude increased slightly but the ventricular diminished 


‘Fig. 8b. Same animal as in 84, vagi out, lightly anmsthetised, 4 litres 12°/, CO,. 
Abscissa 50 mm, Intervals 10 seconds. 


to almost one-half of its original height. The os al rose more 
sharply than before the section of the nerves and reached a greater 
height. The maximal blood-pressure and the minimal ventricular 
amplitude occurred about tifteen seconds after the administration 
ceased. The heart rate diminished slightly (IV), see also Fig. 3). 
The animal was now decapitated. A great diminution in the amplitude — 
of the heart trace resulted and the blood-pressure fell from 90 mm. 


to 19mm. Hg. The rate of the heart diminished from 8 to 7 in 
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3 seconds. CO, was now given as before, with the result that both 
the auricular and the ventricular amplitude iucreased slightly at first 
but about the middle of the experiment well-marked diminution 
commenced and continued to the end. The rate remained constant. | 
The. blood-pressure fell steadily throughout the administration. In :. ae 
this particular experiment 20 seconds after the administration ceased 4 : 
there was a momentary heart block (IV and Fig. 3c). — | ms 
Protocol IVa. Intact rabbit medium deeply anmsthetised. CO, given. (Fig. 3a.) 


Rate. Commence- Middle Endof 165 seconds 
3 mentofexp. of exp. exp. later 

Ventricle) . 3 11 10 10 10 

Auricle se0onds 10 10 10 

Amplitude. 

Ventricle) average of three con- 55 48°5 

Auricle | tractionsinmm, 95 12 16 

Blood-pressure in mm. Hg. 61 6859 105-5 | \ 


tntervat 


Fig. 3c. Same animal as in 3a, decapitated, 4 litres 12°), CO,. Abscissa 0. 
Intervals 10 seconds. 


Protocol IVb. Vagi cut. Light anvesthesia. OO, given. (Fig. 3b.) 
Commence- Middle 


60 Seconds 


ment ofexp. of exp, later 
Ventricle ) average of three con- 89 68-5 61 
51 
Auricle tractions in mm. 105 14 145 17 


Blood-pressure in mm. Hg. | 80 112 119. 
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Protocol. Decapitated. OO, given. (Fig. 3c.) 


Commence- Middle Endof 16 8econds 
Rate. ment of exp. of exp. exp. later 
Ventricle).. 6 6 55 
Auricle 6 6 6 5-5 
Ventricle) average of three con- 85 29 21°5 20 
Auricle tractions in mm. 7 5°5 25 - 2°5 
Blood-pressure in mm. Hg. 265 . 2. 16°%5 16 . 


_ As it is perfectly manifest that the removal of the higher centres 
_ by decapitation prevents the characteristic rise in blood-pressure pro- 
ie duced by CO,, and in view of the conclusions reached by von Anrep 


Fig. 4. Intact animal, lightly anesthetised. 1 .c. 1%, nicotine tartrate injected into 
jugular vein. A characteristic sharp rise in blood-pressure took place. During 

_ the later stages of the fall 4 litres 12°/, CO, given. Abscissa 50mm. Intervals 
10 seconds. 


that the rise is due to stimulation of the adrenals, advantage was taken 
of the blocking action of nicotine on visceral nerves to cut off their 
action on the suprarenals (Langley@). We found that the adminis- 
tration of CO, to rabbits which had previously received an intravenous 
injection of 1c.c. 1°/, nicotine tartrate produced quite uniform effects— 
the cardiac amplitude was only slightly diminished, the rate generally 
remained constant and the blood-pressure never rose. Thus, throwing 
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308 E. P. CATHOART AND G. H. CLARK. 
the splanchnics out of action, produces results which are comparable 


with those obtained from the decapitated animal. The following pro- 
tocols, Va and Vb, show this clearly; see also Fig. 4. 


Protocol Va. Intact animal lightly anwsthetised. 4-litres 12°/, 00, given. 


End of 2 seconds 
Rate. | ment of exp. of exp. ~ — 
Ventricle 11 8 
Antics }in 8 seconds 8 8 8 
Amplitude. 
Ventricle) average of three con- 18 14 5 *15 
Auricle tractions in mm. 10 9 at 10 
Blood-pressure in mm. Hg. 80 % . 98 86 


lec. of 1%, nicotine tartrate was now injected into the jugular 
vein. A sharp rise in blood-pressure took place, followed by a very 
marked fall. During the later stages of the fall 4 litres of 12°/, CO, 
were given. | 


Protocol Vb, 

Commence- Middle 20 seconds 

Rate. ment of exp. of exp. later 

Ventricle | 7 7 8 

Auricle 7 8-5 

Amplitude. 

Ventricle) average of three con- 28 18 18 18 
Auricle tractions in mm. 8. 7 

Blood-pressure in mm. Hg. 75 50 40 50 


At the conclusion of our previous paper we stated that our results 
seemed to point to the inhibitory influence of the anzsthetic being due 
to its action on a central synapse. We believe that our present results 
fully confirm this view. If the action of CO, on the blood-pressure be 
dependent on the integrity of a central mechanism then we should 
obtain the same absence of result in the decapitated animal as in one 
deeply anezsthetised. As a matter of fact our experiments show this 
to be the case, A further point which may be emphasised is that with 
deep anwsthesia there is a marked fall in blood-pressure, a fall which 
in its magnitude is similar to that occurring after decapitation. The 
only marked difference, we have noted, between the results obtained 
in the deeply anzsthetised and the decapitated animal is that in the 
latter there is always a definite diminution in the amplitude of the 
cardiac movement, a diminution which is absent, or at most very 
minute, in the case of the deeply anesthetised animal. If this 
observation be free from fallacy a point of some interest emerges. 
Bayliss@- has shown that CO, has a direct action on the blood — 
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vessels, and our own. experiments as well as those of Jerusalem and 
Starling, Ohrwallao, Mare&ay and others show that CO, can also 
exert a toxic action on the cardiac musculature. Apparently then as 
there is no diminution of the cardiac amplitude deep anesthesia has the 
power of inhibiting or of counteracting this direct toxic action of the 
CO, on the heart. 

If von Anrep’s conclusions be accepted, and the evidence is con- 
vincing, the secretion of adrenalin brought about by CO, may be 
prevented (1) by removal of the central mechanism in the brain— 
probably in the medulla, or (2) by removing the influence of the 
sympathetics upon the suprarenals, leaving the centre intact. In both 
cases injection of small doses of adrenalin still produce their charac- 
tistic effect. Elliotts) has also drawn attention to this fact. Another 
point in favour of the view that adrenalin is the active substance is that 
the CO, rise is prevented by the administration of apocodeine. 


Summary. 


1. CO, in the intact animal produces a rise in blood-pressure. 
2. CO, in the intact animal treated with nicotine produces no rise 


In blood- ‘pressure. 


3. CO, in the decapitated animal produces no rise in blood- 
pressure. 
_ We conclude that the action of CO, upon the suprarenals and 
blood-pressure is exerted through the agency of some central 
mechanism. 


"The expenses of this research were defrayed by grants made by the Carnegie Trust. 
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THE INFLUENCE OF VERATRIN POISONING ON 


THE ELECTROGRAM OF THE FROGS’ HEARTS. i 


By Dr 8S. pz BOER. 
(From the Physiological Laboratory, Amsterdam.) 


THE researches made by Seemann(1) show that in veratrin poisoning 
there is a general heightening of the tonus of the heart muscle, which 
is strongest at the apex. Further, during the poisoning there are 
repeated inverse electrograms of the ventricle, in which the stimulation 
is conducted from the apex to the base. After the apex had been cut 
off, Seemann observed that after immersion in a strongly diluted 


veratrin solution, it was subject. to spontaneous pulsations. Thus it 


may be considered as certain that even in the apex of the heart the 
stimulation which causes systole may originate. Seemann also found 
an increase of the after-variation (Nachschwankung). By this he 
means the part of the ventricle electrogram following the R-top. At 
the same time he found the R-top heightened. During the staircase 
phenomenon, Seemann found that the R-top kept the same level, 


whilst the 7-top mostly increased. From these experiments he con- 


cludes that in the ventricle electrogram the R-top is the expression of 
the conduction of the stimulation and to be compared with the action 
current of a skeletal muscle, whilst the T-top 1 is a phenomenon accom- 
panying the contraction. 

Veen(2) found after veratrin poisoning an increase of both the 
T-top and the R-top. After cooling he found an increase of the T-top, 
after warming, a decrease, 

Last year I made extensive researches with regard to the changes 
in the rhythm and the conductivity and irritability of the heart muscle 
and the conductivity of the connecting systems of the heart partitions 
after veratrin poisoning(3). On the results of these experiments, which 


opened up to me various new points of view, I based the study of the 


electric potential differences in the heart muscle under these conditions 
of poisoning. Thereby it was rendered easy to recognise quickly the 
various stages of the poisoning and the better to overcome the various 
factors, which may influence the electrogram during these stages. 
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Method. The heart was exposed with as little loss of blood as 
possible, the pericardium was severed and the fremulum cut through. 
The heart thus isolated was suspended at the apex to a lever, the 
shadow of which was transferred to the sensitive plate through the 
fissure of the fall-apparatus. The leading off was effected by wire 
electrodes from the apex and the auricle. The time was recorded in 
$ second. Before the poisoning one or two records were made, then 
I injected five to ten drops of 1°, veratrin acetate solution into 
the abdomen, without moistening the heart. Records were made in 
the course of the various stages of the poisoning. It is a well-known 
fact—which I can fully confirm—that after the veratrin poisoning 
the a-v interval increases in length and the irritability of the ventricular 
musculature decreases. In regard to changes in the conduction of the 
stimulation in the ventricle itself after veratrin poisoning, however, 


there is hardly any certainty. Hapecially with « view to this fact have 
these experiments been made. 

I give here a short account of typical experiments. : 

A frog’s heart in situ was suspended, with intact circulation. With 
leading off from apex to auricle I made a record at 11.25 (Fig. 1). 
Tension of string lmV 14mm., time {second, 30,000 ohms resistance 
were intercalated. If the base of the ventricle is negative, the string 
makes an excursion away from the line indicating the time; if not stated 


otherwise this is always the case in further records. In this experiment 


the R-top is positive, the T-top negative. At 11.30 five drops 1%, 
veratrin is injected into the abdomen and at 11.42 I make another 
record under the same conditions of leading off, tension of string and 
resistance (Fig. 2). [In the following records the manner of leading 


- off, the tension of the string and the intercalated resistance, if not 
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stated otherwise, are always the same.] The rhythm of the heart 
has now slowed down, the a-v interval has lengthened (the P-top is 
not to be seen). The systoles have decreased in size’. The intervals 
between the ventricular mechanograms have strongly increased in 
length, whilst those between the ventricular electrograms have decreased. 
The cause of this lies in the fact that the end of the T-top before the 
poisoning coincides with the beginning and after the poisoning with 
the end of the diastole, and that after the poisoning the interval between 
the beginning of R and the beginning of the ventricular systole has 
considerably gained in length (this interval I shall henceforth call the 
R-V interval). The latent stage for the ventricle has thus strongly 
increased, but at the same-time the electric variations are observed, 
until the end of the systole. In previous experiments I always found 
after the poisoning an increase of the refractory stage; even by the 


strongest stimuli I did not succeed in exciting an extrasystole during 
the diastole. We see in this record that the increase of the refractory 
stage is coupled with an increase in duration of the electrogram. Thus 
in the case of the non-poisoned heart the refractory period extends to 
the beginning of the diastole? These two experiments demonstrate 
clearly the coincidence of the refractory period and the duration of the 
electric phenomena. This rule, however, does not hold good in all 
respects. In hearts poisoned by veratrin I found that in certain stages — 
of the poisoning the refractory period repeatedly extended far into the 
pause, and in no case did the electrograms last longer than the end of 

1 In my previous experiments, which will appear in the Arch. Néerland. d. Sci. ex. 
et nat., I stated that only after the poisoning the systoles increased in length, decreasing 


again before the halving. Thus this iment made i 
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the diastole; the reason of this is that the heart muscle in these cases 
cannot recuperate sufficiently, and thus the refractory period depends 


_ not only on the one preceding systole, but on all the preceding systoles 


which have contributed their share. Consequently the heart is not 
in metabolic balance. 

Thus I should suggest the following general rule: So long as the 
heart functions in metabolic balance, the duration of the refractory 
period coincides with the duration of the action current; if, on the 
contrary, this balance has been disturbed, the duration of the refractory 
period is longer. Several physiologists have already searched for a 
relation between the duration of the ee and the duration 
of the refractory period.- 

The duration and the height of the R-top have strongly increased!, 
the R-top has split, the 7 has become positive, whilst the connecting 
line between the R and the 7 has sunk. 


At 12.50 I made the record shown in Fig. 3. The rhythm of the 
ventricle has just before been halved, whilst there has been no change 
in that of the auricle, Every second auricle, to which the ventricle 
does not respond, coincides with the end of the systolic plateau of the 
ventricular curve. The height and the duration of the systoles have 
strongly increased. This increase is in the first place a result of the 


slower rhythm, but the veratrin poisoning also contributed towards 


it. The auricular systoles, however, have also become more vigorous, 
which probably is to be attributed to the increased influx of blood. 
The electrogram has undergone a considerable change. In the first 

1 After veratrin poisoning the blood-filling of the ventricle always decreases; there- 


of this phenomenon. 
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place the P has been increased, but to this I should not like to attach 
too much value, for veratrin poisoning always causes a strong decrease 
in the influx of blood to the heart. And now it is known from one of 
my previous experiments how much this increases the excursions [cp. (4)]. 
True, the influx of blood increases again by the halving of the rhythm, 
but this only as compared with the stage of poisoning before the halving. 
The P-R interval has strongly decreased ; it is even shorter than before 
the poisoning. This shows that even in the case of a poisoned -heart, 
the interval between auricle and ventricle is shortened after the ventri- 
cular rhythm has been halved. Whilst veratrin poisoning increases 
this interval, nevertheless the interval between auricle and ventricle is 
still shorter than before the poisoning. The cause of this does not lie — 
in a better conduction along the connecting systems, but in the fact 
that the ventricular musculature responds more promptly to the 
stimulation. For the stimulation after the two auricular systoles, 
which takes place during one ventricular systole, is, indeed, conducted 
towards the ventricle along the connecting systems. To every 
second auricular systole the ventricle does not respond, because at 
that time it is refractory. There is, therefore, no reason why this 
conduction after the halving of the ventricular rhythm should at once 
improve. That this is so I can prove by experimental data, which I 
shall afterwards explain more fully by curves. The R-V interval has 
again become shorter and the electrogram of the ventricle also has 
considerably changed. The height of the R-excursion shows a consider- 
able decrease (probably by the increase in the influx of blood); it is 
of greater importance, however, that the duration of the R has again 
been greatly reduced. In my previous publication on the extra- 
systole(4) I demonstrated that the duration of the R gives a measure 
for the conduction .of the stimulation in the heart muscle. This is 
again proved in this instance. Before the ventricular halving, the 
conduction of the stimulation in the heart muscle slowed down, and the — 
duration of the R has strongly increased. After the halving, the con- 
duction of the stimulation in the ventricle has improved and the duration 
of the R# has been correspondingly shortened. After longer pauses— 
and this proved true also in my researches for the extrasystole after 
the longer compensatory. pause—the conductivity of the ventricular 
musculature has improved. The, T-excursion has broadened: in the 
beginning of the T we see the second P. At a short distance from the 
R we find a fairly rapid small excursion, which is probably to be 
attributed to the bulbus. The duration of the entire ventricular 
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electrogram has strongly increased. This increase is entirely caused by 
the increase of the part following the R-excursion. The T-excursion again 
ends at an earlier period of the diastole than in the preceding experi- 
ment. This shows that the refractory period again ends earlier in 
the diastole. . And I have invariably found that the irritability of the 
heart muscle in the diastole increases again after the halving (3, 5). 

At 1.25 I made another record. The size of the systole has again 
decreased, the rhythm has slowed down. The P-R interval has again 
increased in length andthe R-V interval also. The duration of the R 
has increased, the top has again split. The increase in duration of the 
PR interval and the broadening of the R, point out that the con- 
ductivity of the connecting systems and of the ventricular musculature 
has suffered still further from the progress of the poisoning process. 


At 2.15 there is another record. The frequency of the systoles has 
again decreased, the a-y (P-R) interval has increased. If now we 
examine the heart, we note that with every other pulsation the ventri- 
cular contraction alternately begins near the apex and near the base. 
Correspondingly we also see the R-excursion negatively and positively 
directed. The systoles of the apex type are larger than those of the 
base type. The experiment of 2.40 (with a slower movement of the plate) 
is represented by Fig. 4. Here we see as a transition to another halving 
of the ventricular rhythm every third ventricular systole eliminated, 
- so that consequently the heart is gradually getting to pulsate in 
bigeminous groups. Each bigeminous group is composed of one systole 
of the base type and one of the apex type, and just as in the previous 
experiment that of the base type is the narrower. The systole of the 
apex type which is preceded by a longer pause, has a P-R interval 
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smaller than in the previous experiment; in that of the base type the 
P-R interval has much increased. Thus, here we see again a better 
conduction in the connecting systems (and an improved irritability of 
the ventricular muscle to the arriving excitation) after the longer pause, 
whilst after the shorter pause this conduction is less efficient. I also 


observed the same phenomenon in the case of the extrasystoles | 


originated in the auricle and in the post-compensatory systole. In the 
former the conduction of the connecting bundles was slower (longer 
P-R interval), in the latter it was much improved (shorter P—R interval). 


When I speak of a more or less efficient conduction in the connecting - 


systems, I always include the time necessary for the excitation, coming 
on from the auricle, to make itself felt in the ventricle. This latter 
space of time depends on the irritability of the ventricle: we always 
judge the conduction according to the duration of the a-v or P-R 


Fig. 5. 


interval and this includes two factors, viz. the time of conduction along 


the connecting systems and the time of latent stimulation of the 
ventricular muscle, 

In the next record, at 3 o'clock, the halving of the santelanlax 
rhythm has again been completed. The auricular rhythm, which was 
halved after 1.25, is still in the first halved stage, so that now there 
is again one ventricular systole to every two auricular systoles. The 

ventricular pulsations are now all of the apex type. The P-R interval 

has again been shortened, as has the R-V interval; the breadth of 
the R-branch has again decreased. 

| At 4.10, the heart is still pulsating in the same rhythm. A record 

with a slower movement of the plate is taken (Fig. 5). -The ventri- 

cular electrogram has changed again; whilst the connecting line between 

the R and the T has risen, a large positive 7’ has taken existence. These 
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electrograms are fairly complete. We see here before the P-top a small 
positive top, evidently the Si-top. The auricular electrogram (for the 
odd auricular’ systoles) is composed of a positive P, thereupon a slow 
positive excursion, followed by a small top in a negative direction. 
Moreover, these electrograms show a plainly visible bulbous branch, as 
was the case in nearly all previous records. 

We have seen that in this frog’s heart during the veratrin poisoning 
the conduction of the stimulation between the auricle and the ventricle 
slowed down (viz. that the P-R interval lengthened); we also observed 
a slowing down of the conduction of the stimulation in the ventricular 
musculature (broadening of the R-excursion) and an increase in ‘the 
latent stage of the ventricular muscle (R-V interval). When, thereafter, 
by the lengthening of the refractory period and of the av interval the 
ventricular rhythm is gradually halved, both the conduction between 
auricle and ventricle and within the ventricular musculature and the 
R-V interval improve. The extent of these three values in this rhythm 
also increases by the advancing poisoning, until finally a second halving 
of the rhythm of the ventricle occurs. A transition to this second 
halving is constituted by bigeminous groups. Each bigeminous group 
is composed of one systole of the apex type and one of the base type. 
The P-R interval after the longer pause has been shortened, after the 
shorter pause it has been lengthened. Thereupon there is another 
halving of the ventricular rhythm. The systoles are now of the apex 
type, the conduction in the connecting systems has again improved, 
which is also the case in the ventricular musculature (narrow R-excur- 
sion) and the R-V interval has been shortened. Finally I give a 
complete electrogram, containing all possible excursions. The oscilla- 
tions in the conduction of the stimulation in the connecting systems 


and in the musculature of the ventricle, are the result of two factors, 


viz. (1) the poisoning which impairs the conduction, and (2) the process 
of rhythm-halving, which leads to an improvement of the conduction 
in the connecting systems and the muscular systems of the ventricle | 
and to a shortening of the R-V interval. Thus the conduction of 
the stimulation in the connecting systems and the ventricular muscle 
and the R-V interval at first, after a slower rhythm has set in, has 
improved, whereupon it slowed down again as a result of the progressing 


poisoning process, until by another halving this conduction of the — 


stimulation improves again. The more rapid or slower conduction of 


_ the stimulation in the musculature of the ventricle, and the decrease 


and increase of the R—V interval, correspond with the increase and 
PH. XLIX. | 21 
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decrease of the excitability of the ventricular muscle. This certainly 
shows the close relation existing between these two fundamental quali- 
ties of the heart muscle. For when the excitability of the ventricular 
muscle has decreased, the conduction of the stimulation cannot but 
grow slower: each successive level will be less sensitive to the stimulation 
as it comes on, viz. the latent stage will be lengthened for each level, or 
else the time which the stimulation requires to pass completely through 
the ventricular muscle will be longer. 

With this conclusion the electrograms of the ventricle obtained — 
directly after the halving of the rhythm apparently do not agree. 
The conduction of the stimulation immediately after the halving is 
_ rapid (the duration of the R is rather short), and one would expect 
the duration of the entire ventricular electrogram to decrease, but 
this is not the case; the duration of the complete ventricular electro- 
gram has strongly increased. Here, therefore, another factor must be 
_ present causing the strong increase in the duration of the ventricular 
electrogram. We are facing the same question as in the post-com- 
pensatory systole. There also the conduction of the stimulus has 
improved and the duration of the ventricular electrogram has increased. 
Here also I found before the extrasystole the same antithesis between 
the rate of conduction and the duration of the electrogram. Whilst 
the rate of conduction had decreased, the duration of the electrograms 
of the extrasystoles had likewise decreased. Now this decrease in the 
-duration of the electrograms before the extrasystoles may be attributed 
_ to a partly asystolic condition, and the antithesis thereby be solved if 
one desires to adhere to the principle that the electrograms as a whole 
are merely a product of the conduction of the stimulus. But if, for 
the antithesis in the rate of conduction of the stimulus and the duration 
of the electrogram immediately after the halving and in the post- 
compensatory systole, one tries to arrive at a solution in the same 
way, one meets with insuperable difficulties. Weshould have to assume 
_ that the normal systoles originate in contraction of part of the cardial 
musculature and that the true systoles of the whole ventricular muscle 
only manifest themselves in the slower rhythm. And this supposition 
seems to me to be quite incorrect. For how, then, is it to be explained 
that after an extra stimulation of the auricle the R-excursion for the 
normal, the extra and the post-compensatory systoles are perfectly of _ 
the same height, even in the monophasic leading off? If the normal 
and thé extrasystoles were originated by a partly asystolic condition, 
and the post-compensatory systoles by contraction of the entire 
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musculature of the ventricle, the R-excursion of the latter ought to be 
larger than for the normal and extrasystoles. In my opinion these data 
would lead to attributing the R-excursion to a process different from 
the other part of the ventricular electrogram. If, searching in this 
_ direction, we wish to arrive at an explanation of the ventricular electro- 
gram, we should attribute the rapid R-branch to a process, which 
can also come to full expression after shorter heart pauses, then the 
slow excursion, which succeeds it in duration and length, is dependent 
on the duration of the preceding pause. As a matter of fact the dualistic 
theory of the muscular contraction then forces itself upon us. In the 
same way as in the striated muscles a rapid, clonic, and a slow, tonic 
contraction may be distinguished, we should also premise these two ways _ 
of contraction for the heart muscle, and then we get a much clearer idea 
of the electrogram of the heart. The rapid R-branch would then be 
the electric expression of the rapid contraction of the heart muscle 
and the further part of the electrogram would have to be attributed 
to the slower tonic contraction. The rapid contraction would take place 
by way of initial shortening of the ventricular musculature and thereby 
regulate the pressure on the contents, whilst the tonic shortening 
would do the actual work by driving out the contents. The much ~ 
longer duration of the latter process would necessitate a longer pause 
for this tonic shortening to arrive at its full development. Thus each 
systole is composed of a variable and a usually invariable part. The 
variable portion is in duration and length dependent on the foregoing 
pause; the invariable, or at least usually invariable part, also recovers 
its former state after shorter pauses. For this it is necessary to 
consider the first rapid contraction as usually invariable, because 
even now I have examples in which the first rapid shortening can also 
decrease. These instances relate to partly asystolic conditions, which 
I intend discussing separately... 
‘The next series of records is still more adapted to give direct infor- 
mation with regard to the way in which the heart muscle contracts. 
In these experiments also I found after the poisoning an increase of 
, the P-R interval and the R-V interval, as well as of the duration of 
“the R. Again these values all decreased when (10 minutes after the 
injection of eight drops of a 1°/, veratrin solution) the ventricular 
rhythm had been halved, increasing again as the poisoning progressed. 
The R-excursion increases in width, but does not split until 75 minutes 
after the injection. The duration of the R-excursion is then 1} time 
unit of }second. 
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In the following 45 minutes three records were made and in them 
were consecutively R-excursions of 1}#, 2 and almost 3 time. ynits. 
In the first of these records a splitting of the R-excursion is plainly to 
be seen, which comes more fully to expression in the two following 
records, The last of these records is represented in Fig. 6. We see 


Fig. 6. 

here a strongly pronounced splitting of the top, which I always saw 
after veratrin poisoning, when the broadening of the R had increased 
to a certain value. So long as the rapidity of the conduction is rather 
great the meanwhile increasing negativity of the apex of the heart is 
the cause that the R-excursion returns to the 0-line with one single 


Fig. 7. | 
sharp top. Thus it seems quite clear that in reality the negativity of 
the base begins with a sharp point, and increases again subsequently, 
whilst then, the conduction being slow, this second increase is interrupted 
by the negativity of the apex, which has suddenly set in (see Fig. 6). 
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This conception is also confirmed by Fig. 7. I made this record 10 
minutes later, after having previously thoroughly cauterised the apex 
by means of a red-hot needle. Thus, here we have an image of the 
negativity of the base of the heart. Here also we see a rapidly 
increasing excursion, followed by the entire slow excursion. 

I am then of opinion, like Sa moj loff (6), Mines(7) and Borutteau (8), 


that the biphasic electrogram of the ventricle should be considered as 


the interference product of the negativities expressing themselves at 
the electrodes of the base and the apex. These two components, 
however, are in their turn each composed of a rapid initial excursion 
and a subsequent slow negativity. The rapid initial excursion we can 
compare with the action current of a striated muscle, the slow negativity 
being the electric expression of the tonic shortening. This latter way 


of shortening would accomplish the actual work required for the expul- 


‘sion of the contents; by the former shortening the ventricular cavity 
is rapidly reduced and thus the pressure on the contents regulated. 
_ On the view that the two polar components of the ventricular 


electrogram are each composed of a rapid initial excursion and a subse- 
quent slow excursion, electrograms of the ventricle, commencing with 
a purely diphasic rapid excursion, are more easily explained. In 
Fig. 8 I represent such an electrogram. They are frequently seen in 
frogs’ hearts, and it seems to me that they can only be explained if each 
of the polar components is composed of one rapid and one slow excursion. 
This form, I think, represents the pure diphasic ventricular electrogram. 
According to this conception the S-excursion would be caused by the 
electrogram growing more diphasic in form. Of the frog’s heart of 
Fig. 8 record Fig. 9 was made 20 minutes after injection of five drops 
of a 1%, solution of veratrin. We see that the P-R interval and the 
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R-V interval have strongly increased as well as the duration of the 
R-excursion. The electrogram, which before the poisoning ended in 
the beginning of the diastole, now ends in the end of the diastole. — 
The duration of the electric phenomena thus corresponds with the 
duration of the refractory period. Half an hour later the record of 


Fig. 9. 


Fig. 10 is made. Here we see that the second auricular and ventri- 
cular systoles have disappeared. After the resulting longer pause the 
R-excursion of the following electrogram is of shorter duration; the 
R of the next electrogram after a shorter pause is again much broader. 
The same relation we find in these two ventricular electrograms for the - 


Fig. 10. : 
R-V interval, After the long pause this R-V interval is much shorter 
than after the short pause. 
. The direction of the R-excursions shows that the systoles are chiefly 
of the apex type. From this we see that in hearts in situ a negativity 
can be caused in the ventricle by the stimulation led from the auricle 
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along the normal conducts, which is preponderant in the apical part 
of the ventricle. In the record, taken an hour after the preceding 
one, we see a fine instance of systoles of the basic and the apical types 
side by side (Fig. 11). Between the second auricular systole and the 
succeeding ventricular systole there is a very long P-R period. The 
mechanic curve of the ventricle rises gradually, whilst the string shows 
a wavy line as a result of an alternating increase of negativity of the 
apex and the base, until finally an abrupt negative R-excursion sets in. 
The impression is made, as if at last the stimulation has found its way 
into the apical part. The descending line of this negative R-excursion 
extends some distance under the state of rest, whereupon there is an 
increased 7'-excursion; thus the connecting line between the R and 
the 1 had descended far under the O-line. This curve in no single 


Fig. 11. 


respect: shows the difference from the extrasystoles of the mammals of 
the left-sided type. I also obtained such curves in frogs’ hearts by 
stimulation of the heart point. Thus I am of opinion that this curve 
procures greater certainty than that of Fig. 10 in regard to the direction 
of the conduction of the stimulation in the ventricular muscle. From 
the curve of Fig. 10 we could only conclude that the negativity was 
stronger at the apex than at the base; for the second systole of Fig. 11 
the negativity begins at the apex and proceeds in the direction of the 
base. We must therefore take for granted—which Seemann also 
already pointed out—that there is a direct connection between the 
auricle and the ventricular apex. The third systole has again been 
eliminated and still the resulting pause shows only a slight increase. 
For the beginning of the second R follows 4/ sec. after that of the 
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first, whilst the third R follows 38 sec. after the second. This is caused 
by the long a-v (P-R) interval of the second systole. The first two 
systoles of Fig. 11 thus form a bigeminous group, composed of one 


THEORETICAL CoNcLUSIONS. 


As early as 1892 Bayliss and Starling) considered the ventricular 
electrogram, which is mostly composed of two similarly directed 
excursions, as the resultant of the negativities effected at the base and 
the apex of the heart. The negativity first begins at the base and 
there also is continued the longest, so that two similarly directed 
excursions are originated. After warming the base of the hearts of 
frogs and dogs they obtained two excursions in opposite directions and 


after warming the apex two excursions in the same direction. This — 
would be the result of the fact that in the former experiment the 
_ duration of the base component was shortened by the more rapid con- 


duction and in the latter experiment the apex component. 


After the discovery of the bundle of Gaskell, Kent, His and km 
the ground of ontogenetic considerations Gotch(0) put forward a 


theory on the origin of the ventricular electrogram. He premises 
that in the ventricular musculature the stimulation proceeds from the 


bundle of His, through the papillary system to the apex and thence 
back again along the outer longitudinal layer to the base in the region | 
of the aorta. The first excursions (G, R, S) would be caused by the 
“negativity, which proceeds along the papillary system in the direction — 


of the apex, whilst the T-excursion would be caused by the base in the 
region of the aorta becoming again negative. Between the twg excur- 


sions the two leading-off poles would be iso-electric during the contraction 


of the actuating apparatus (Treibwerk). This theory, which was also 
adopted by Kraus and Nicolai, is thus completely based on the 
manner of transmission of the conduction wave, whilst it attributes 
the two ventricular excursions to the negativity of various muscle 
complexes. It neglects, however, the fact that the 7 does not always 
follow the same direction as the R, but may just as well follow an 
opposite direction. Moreover, if it is premised, that the base in the 
region of the aorta becomes negative during the 7-excursion as a result 
of the stimulation returning from the apex, the stimulation transmitted 
in the direction of the arterial system must in a frog render the bulbous 
- aortae negative after the T. According to this conception the bulbous- 
excursion would always have to appear after the T-excursion. Now 
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I have observed very often the bulbous-branch in my electrograms of the 
frog’s heart, but always between the R and the 7-excursion and then 
mostly nearest the R. 

Einthoven() explains the T-excursion by the base remaining 
negative the longest; this he also points out emphatically in his latest 
communication. 

A. Hoffmann) and Seemann() took the R-excursion to be an 
expression of the conduction, the 7’ an accompanying phenomenon of 
the contraction process. 

Latterly the old conception of Bayliss and Starling has been 
re-established by Samojloff, Mines and Borutteau. Thus these 
experimenters consider the ventricular electrogram as an interferential 
(interference) product of the negativities occurring at the base and the 
apex. | 
Samojloff arrived at this conception by his well-known researches, 
in which he locally slowed down the conduction of a frog’s heart by 
making a cross section in the ventricle; the two negativities of the base 
and the apex then set in separately and one after the other. Some 
time afterwards this conduction recovered its former state, so that the 
two separate components again covered each other and produced a 
biphasic ventricular electrogram. 

By vagus stimulation and muscarin poisoning Samojloff saw the 
T change in a negative direction. Mines repeated the old experiments 


of Bayliss and Starling by warming the base or the apex of frogs’ 


hearts. In the first case he saw the positive 7’ become negative, whilst 
a negative T' grew even more strongly negative; in the latter experiment, 
by warming the apex, he saw a negative 7 become positive and a 
positive Z' even more strongly positive. Likewise Mines studied the 
influence of different ions on the shape of the ventricular electrogram 
in experiments on frogs’ hearts in a circulating fluid. Borutteau 


studied the duration of monophasic ventricular electrograms, in which 


he compared the duration of monophasic electrograms by placing one 


electrode on the unimpaired ventricular base and one on the wounded 


middle-part of the ventricle, with the duration of monophasic ventricular 
electrograms, in which one electrode was placed on the unimpaired 
apex and the other on the wounded middle-part of the ventricle. These 
two records he made with different hearts in immediate succession, 
making at the same time a biphasic record by applying the leading-off 
electrodes to the apex and the base respectively. In the case of a 
positive 7’ for the biphasic ventricular electrogram he then always found 
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that the monophasic base electrogram lasted longer than the apex 
electrogram, and in the case of a negative 7’ just the reverse. This 
vagus stimulation. 

Thus these three investigators arrived at the same conclusion along — 
different lines, in which, indeed, Einthoven also based his explanation 
of the 7-excursion. And this conception seems to me quite correct. 
The diphasic ventricular electrogram gives the sum of the negativities 
ending in the base and the apex, just as in a skeleton muscle in diphasic 
leading off during a twitch the sum of the negativities on the two 
leading-off poles is obtained. 

_ In a striated muscle, however, these negativities during a twiteh 

are of very short duration, so that if the spot of stimulation is outside 
the leading-off electrodes first the one and then the other of the leading- 
_ off poles becomes negative. If on the contrary the spot of stimulation 
is between the leading-off poles, there also a summing up takes place of 
the negativities on the two leading-off poles. Thus Piper) found a 
fairly complicated curve, when with an indirect stimulation of. the 
fore-arm flexors he placed one of the leading-off electrodes under the 
nervous equator and the other above it. He then found that the 
negativity came first to expression on that one of the leading-off elec- 
trodes which was placed nearest the nervous equator. Now in the 
heart we obtain in the beginning of the ventricular electrogram a rapid 
excursion as an expression of the basic negativity, whilst at the end of 
the ventricular electrogram usually another excursion is caused in the 
same direction. Between the two excursions the string as a rule is 
in the 0-line, which means an equipotentiality of the two leading-off 
poles. Monophasic leadings off for the base and the apex show us that 
there the negativities are about of as long duration as the entire biphasic 
ventricular electrogram (from more exact records by Borutteau it 
appears that the negativity at the apex is of somewhat shorter duration 
than at the base). The monophasic excursion of the apex has an 
opposite direction from that of the base. The two similarly directed 
excursions of the diphasic ventricular electrogram thus mean that the 
negativity first starts at the base and is there of longer duration than 
at the apex. The negativity at the apex thus begins at the top of the 
R-excursion. In those cases, in which the T is negative, the negativity 
at the apex will consequently have been of longer duration than that 
at the base. The explanation of Gotch does not provide for this 
possibility. That, moreover, the course followed by the stimulation 
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through the heart is not of such preponderant significance as Gotch, 
Kraus and Nicolai attribute to it, is proved by the fact that extra- 
systoles, resulting from an extra stimulation of the ventricular base, 


_ produce ventricular electrograms with a rapid initial excursion (R) and 


a slower excursion (7') at the end. The changes in these electrograms 
are merely a result of the change in the place where the stimulation 
enters the ventricular musculature, so that the starting point of the 
ventricular negativity in respect to the leading-off poles has changed 
places; another cause of the changed electrogram of the ventricular 
systole is the fact that the beginning of the extrasystole falls earlier 
in the heart period. This latter cause alone is sufficient to change the 
electrogram of the ventricular extrasystole, if we effect the extrasystole 
by an extra stimulation from the auricle, so that then the place of 
entrance of the stimulation is the same as for the normal systoles. 
As in both cases the negativity begins at the base, the difference between 
ventricular extrasystoles excited from the auricle and those excited 
from the ventricular base is unimportant. This difference exists only 
in the changed height of the R-top after stimulation of the ventricular 
base : 


That the complicated muscular structure of the ventricle is not 
responsible for the form of the ventricular electrogram, is already proved 
by the fact that other partitions of the heart of less complicated con- 
struction, show the same rapid initial excursion and slow final excursion. 

But if now we consider the diphasic ventricular electrogram as an 
interference product of the negativities at the base and the apex, the 
question arises, whether we should consider each of these pole negativities 
as @ mere expression of the conduction of the stimulation. Between 
the beginning and the end of the basic negativity there is a space of 
about 14sec. Thus 1} sec. would have to elapse before all the basic 
muscle-cells had been reached. If then we consider the basic component 
(and also the apical component) as a mere expression of the conduction 
of the stimulation, the rapidity of the transmission for the small frog’s 
heart would have to be very slight indeed. In order to realise how 
1} sec. can be required for the stimulation to travel this short distance 
we should have to premise for the heart conditions entirely different 
from those existing in the striated muscles. Moreover, this repre- 
sentation to begin with does not seem correct to me, because then the 
various muscle fibres of the heart would contract one after the other 


and would in that case co-operate very imperfectly indeed sidan the 


great duty to be fulfilled by the heart. 
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If we wish to adhere to the conception that the electro-cardiogram 
as a whole is an expression of the conduction of the stimulation, the 
stimulation, coming from the sinus venosus, would already have 
reached the ventricle, before it had been conducted through the entire 
auricle, for the rapid R-branch coincides with the slow excursion of 
the auricle, and likewise the bulbous would have been reached some 
time, whilst the stimulation was still being conducted through the 

Another conception seems to correspond better with these facts. 
If we premise that the base and apex components are each composed 


of a rapid initial excursion and a subsequent slow negativity, we can 


consider the rapid initial excursion as the expression of the conduction 
of the stimulation, like the action current of the striated muscles. The 
slow negativity which follows would then be the electric equivalent 
of the slow tonic contraction, by which the actual work of the ventricle 
is done. According to this conception alone the ventricular electro- 
grams also, as represented in Figs.'8 and 9, beginning with a rapid 
diphasic R-excursion, can be construed. Interference of two slowly 
proceeding basic and apical negativities does not explain such ventri- 
cular electrograms. That each of the components is composed of a 
rapid initial excursion and a subsequent slow excursion, is also shown 
by Figs. 6 and 7. In Fig. 6 the conduction of the stimulation has 
grown so much slower by veratrin poisoning that the initial top is fully 
seen and the slow basic component begins already before the negativity 
at the apex sets in. The monophasic electrogram of Fig. 7 shows this 
_ same rapid initial top with the entire slow basic negativity. The fact 
that this slow basic component in other cases also where the conduction 
of the stimulation has grown slower, shows itself as a doubling of the 
top, is of greatimportance. Thus we repeatedly meet with this doubling 
of the top in extrasystoles of mammal hearts. Here also there is a 
_ slowing down of the conduction of the stimulation (broadening of the 
R-excursion). If this conception is correct the ventricular electrogram 


is composed of a rapid R-excursion as the expression of the conduction — 


of the stimulation throughout the ventricular muscle, which causes all 
the fibres of the ventricular muscle to shorten rapidly, which shortening 
is followed by a slow negativity as the expression of the tonic work of 
expulsion of the ventricular musculature. The rapid contraction would 
regulate the pressure on the contents of the ventricle within a short 
time. The S-top would then be a result of the fact that the rapid 
initial excursion rather comes to expression as a biphasic excursion. — 
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By the longer duration of the slow tonic excursion the latter is — 
more prominent after a longer pause, whilst after a shorter pause the 
tonic excursion is strongly reduced. These relations we find for the 
post-compensatory systole, in which the tonic excursion has been 
strengthened, and in the extrasystole, in which it has been shortened 
and reduced. The R-excursion of shorter duration is as high for the 
extra and post-compensatory systoles as for the systoles of the normal 
rhythm. Vagus stimulation and muscarin poisoning check the tonic 
shortening, and thus we see as a result not the R-excursion but the 
T-excursion reduced. By warming at one of the leading-off poles the 
tonic contraction is here reduced, so that at the pole which is not 
warmed the 7-excursion gradually predominates. 

All these well-known facts seem to me to point out that the R-excur- 
sion and the 7-excursion originate in different 


SUMMARY. 

After poisoning the frog’s heart with veratrin, the rhythm is slowed, 
the duration of the R, of the P-R interval and the R-V interval are 
increased. The pauses between the mechanograms increase, those 
between the electrograms of the heart decrease. (The 7 ends later 

in the diastole, the R begins sooner before the systole.) 
After halving the rhythm, the duration of the P-R interval, the 
R-V interval and of the R decreases again. The duration of the R 
gives a measure of the velocity of conduction in the ventricle, the 


. P-R interval of the velocity of conduction through the auricle and 


conjunction systems between auricle and ventricle, the R-V interval 
gives a measure of the latent stage of the contraction of the ventricle. 
In this way these three values increase after poisoning with veratrin and 
decrease again after the halving of the rhythm; in a later stage after 
halving the rhythm, when the poisoning proceeds, these values increase 
again. As intermediate stage between the normal and the halved - 
rhythm heart-bigeminus exists; then every third pulsation falls out. 
The P-R interval after the long pause is short, after the short 
pause, long. (Elsewhere I have shown that the duration of the R also 
follows this rule.) After poisoning with veratrin, the excitation in 
the ventricle may start from the apex of the heart and thus there may 
be alternate systoles beginning from the apex and from the base of 
the ventricle. After considerable slowing down of the conduction in 
the ventricle, the broad R-top may split in two. Monophasical regis- 
tration gives a quick beginning top after which a slower one follows. 
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' This supports the view that the electrogram of the ventricle is the 
result of two negativities with opposite signs, which appear at the base 
and the apex. (Mines, Samojloff, Borutteau.) But each of 
these negativities would consist of a quick beginning and of a slower 
following negativity. In this way the electrograms of the ventricle 
with purely diphasical R would be more comprehensible. The accelera- 
tion of conduction after the halving of the rhythm and the great increase 
of duration of the electrogram of the ventricle cannot be satisfactorily 
explained on the view that the electrogram is only a result of the 
propagation of the excitation. This is also true of the electrograms 
of the post-compensatory systoles after extrasystoles (the duration of 
the electrogram is increased, the velocity of the conduction also). 
Elsewhere I have shown that extrasystoles are only systoles which 
begin earlier in the heart period and have no particularities; only the 
velocity of conduction through ventricle has slowed down and a fixed 
variability of the slow 7-top takes place. We find this slowing down 
of the conduction and these same variations of the T-top for all systoles 
which begin at an earlier moment after a former systole. So the second 
systole of heart-bigeminus begins at an earlier moment after the former 
systole, compared to the first systole. We can say, that the halved 
rhythm is there, but every systole is followed by a premature systole. 
And this premature systole has the same peculiarity as an extrasystole. 

If this second systole begins at the apex, the R is inverted and the 
T grows in positive direction; if it begins at the base, only the 7 grows 
in negative direction (a positive 7’ decreases. and a negative one increases). . 
In both cases the duration of the R increases. The — show 
these same variations. 
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In the mammalian spinal preparation a single induction shock even 
when weak applied to a suitable afferent nerve evokes with regularity 
a reflex contraction in an ‘appropriately chosen muscle. Such brief 
stimulus and response can serve as a test reaction for the condition 
of a reflex arc. Before employing it for that purpose we made some 


examination of its features, comparing the break-shock reflex contraction 


with the twitch contraction evoked by the same stimulus applied 
direct to the motor nerve of the muscle. 

Preparation and method. The preparation employed was in some 
the decapitate one previously described’. In other 
experiments it. was a preparation obtained as follows: the animal (cat) 
deeply anssthetised with chloroform and ether was decerebrated by — 
removing by means of the decerebrator®, the cerebrum and mid-brain: 
the spinal cord was then severed at the 10th thoracic level. The muscle 


- chosen for some observations was tensor fasciw femoris, for others 


tibialis anticus. The afferent nerve employed was in the former case 


peroneal, in the latter popliteal. The tendon of the selected muscle 
was exposed, freed and attached by a thread to the myograph nied 


10. 8. Sherrington. This Journal, xxxvumi. p. 375. 1909. 
* F. R. Miller and C.8.Sherrington. Quart. Journ. of Exp. Physiol. 1x. 
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lever. All other muscles in the limb except that attached to the 
myograph were put out of action by nerve-section or resection of their — 
attachments. Stimulation of the nerve was by platinum electrodes — 
applied through the side-piece of a glass-tube isolating the nerve-trunk ; 
the tube was like that described previously}, except that it had two side- 
pieces, and widened places opposite the electrode holders and a side-slit 
which facilitates the placing of the nerve in the tube. For some pur- 
poses it is advantageous not to sever the nerve trunk at all but simply 
to ligate it. The side-slit allows the application of the tube to the 
nerve-trunk in continuity. The preparation was placed supine and 
the femur and tibia were fixed firmly by steel pins drilled into them > 
and clamped to heavy standards on the table. 

Break-shocks were used as stimuli; the break key was opened by 
the swing of a pendulum in some cases, in others by a rotating wheel 


releasing a spring contact as in Brodie’s rotating key. Inthesecondary 


circuit beyond the short circuit a resistance box of 100,000 ohms lessened 
any disturbance from incidental variations in the nerve-trunk resistance. 
The myograph lever was weighted usually with 200 gm. at 4mm. 
distance from its axis. The record was isotonic. In each experiment 
the reflex response had of necessity to be examined before the motor 
nerve response. On completion of the observations on the reflex the 
afferent nerve was in each case ligated tightly proximal to the electrodes 
and induction shocks of high strength applied in order to test current 
escape. 


1, Reflex response to single break-shock compared with twitch 
contraction from a similar stimulus to the motor nerve. 


Threshold value of stimulus. The threshold value of the —o 
was as might be expected higher for the reflex response than for the 
motor nerve response. Sometimes it was greatly so.. Thus 264 mm. 
of the inductorium scale for the reflex as against 550 mm. for the motor 
nerve. Usually the difference was much less, thus 385 mm. as against 
430 mm. or 372 mm. as against 344mm. Rarely, the difference was. 
very small, thus 440 mm. for reflex 450 mm. for motor nerve, or, where 
a Berne coil graduated in Kronecker units was in use, 19 units for 
reflex and 17-5 units for motor nerve. 

Influence of break-shock intensity on contraction-height. The range 
over which in the reflex response increments of contraction-height 
continue to accompany increments of break-shock strength was compared 
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with that obtained in the motor-nerve muscle response. First the 
reflex responses were observedand then, without other shift of the 
apparatus than the transference of the electrodes to the motor nerve, 
and the cutting that nerve 4m. proximal to them, the motor-nerve- 
muscle responses. Before transferring the electrodes from the afferent — 
nerve trial for current escape was made by ligating the afferent nerve 
proximal to the electrodes and using stronger shocks than any employed 
for the reflex. 

The extent of grading of contraction-height conformably with 
grading of the break-shock intensity we found much greater in the 


reflex response than in the motor-nerve response; the cause of this 


lay in the longer range of increase of contraction-height. with the reflex. 
Ishikawa in his paper “On seeming Facilitation” with a cool frog 
preparation has remarked the same thing, for he says! that the reflex- 
twitch “still finally increases in height at a time at which the directly 
excited muscle-twitch is already past.” As an instance from our 
experiments, where the thresholds for both responses were nearly 
equal, the motor-nerve response reached its maximal contraction-height 
at 26 Kronecker units, but the contraction-height of the reflex-response 
showed progressive increase up to 3,000 K. units, i.e. up to 11-5 cm. 
on the ordinary scale, and beyond that would no doubt have shown 
further increase, but was not tried because of risk of escape of current, 
though in fact the control when later made for current escape showed 
no escape even at 7,000 units. 

In the instance furnishing Fig. 1 the grading in the aks oom 


traction-height, from threshold at 34cm. on the inductorium scale, 
_ extended to 15cm. and upward—it was not followed further in order 


to spare the preparation for later observations. Fig. 1 A shows it as 
far as 23cm. on scale. The lever used corrects the arc to a rectilinear 
chord. With the direct response from the motor nerve the grading 
of height beginning at 37cm. on the scale extended no further than 
33 cm., where the maximal twitch height was reached, as shown by 
the height being no greater at 30cm. than at 33cm: For both series 
the lever was the same and 20cm. long, with muscle-thread at 4 cm. 
from axis and a weight of 200 grms. at 4 mm. from axis. The circu- 
lation was brisk through both muscle and nerve trunk in both cases as 
judged by their local temperature and inspection of their minute vessels. 
This longer range of grading with the reflex response is, as Ishikawa 
remarks, one of the indications that the reflex response even to that 


1 Ztechr. f. allg. Physiol. x1. 153. 1910. © 
PH. XLIX. 22 
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practically momentary stimulus is 
tetanic and not a simple twitch, 
This seems probable at least for 
break-shock stimuli when far above 
threshold ; a further point indicating 
it is that the height of the reflex 
contraction to a single break-shock 
may much exceed the height of the 
maximal peripheral twitch (Fig. 1 B) 
so that the contraction of the muselé 
may be much greater in response 
to a single break-shock applied to 
the afferent nerve than in response 
_ to a similar break-shock applied 
direct to its motor nerve. Thus, in 
an experiment, with single break- 
shocks of 150 Kronecker units, 
tibialis antious with an actual load 
of 20 grms. gave reflex (afferent 
popliteal) responses of 17 mm. actual 
height—average of 10 reflexes, but on 
direct stimulation of its motor nerve 
by those shocks gave responses of 
only 11 mm. height (average of 10 
contractions). It is noticeable that 
the height of the maximal twitch 
may be exceeded by the break-shock 
reflex at even relatively lowstrengths 
of stimulus, e.g. in Fig. 1 at 26 om. 
on the scale. Even at 30 on the 
scale the break-shock reflex although 
not so high as the break-shock 
twitch which is maximal at that 
stimulus is nevertheless longer in 
subsiding, as can be seen in the 
- Regularity in the contraction 
height of the reflex responses. With 
break-shocks of similar intensity 
and delivered at similar interyal the == = 
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series of reflex responses did not show the same regularity as did 
series of maximal contractions similarly elicited by direct stimulation 
of the motor nerve (Fig. 1). The irregularity is periodic as has been 
remarked by Fano? in the tortoise, also by Pari? and by Langendorff 
and Winterstein® and Ishikawa‘ in the frog. We have found the 
irregularity obtained with all ranges of strength of stimulus. There is 
one special form of irregularity of contraction-height which is less in the 
break-shock reflex than in the break-shock twitch, that is the staircase. 
The phenomenon of the staircase first noted for skeletal muscle by - 
Tiegel®, Minot® and Buckmaster’ in the frog and by Rossbach® 
in mammals was very obvious in most of our experiments with the motor 
nerve preparation. On the other hand the series of reflex responses — 


| Fig. 2. 
exhibited it but little. The rate of repetition of the stimuli used for — 


_ both series was the same. The amount of staircasing with the motor- 


nerve preparation depends much on the rate of repetition of the stimuli. 
In the example figured the interval between the stimuli was a 1-2 sec. 
(Fig. 2). Lessening the interval to -6sec. diminished or annulled 


(Fig. 2) the staircasing as shown in two places in the figure. On 


starting the series again after a pause of 8 secs. the contraction-height had 
ea the staircase increment but the phenomenon repeated itself de novo. 


1 Arch. ital, de Biol. xxxrx. p. 129. 1903. Ibid. xi. p. 217. 1904. 
* Pfliger’s Arch. oxxvu. p. 507. 1909. Lee. ett. 
Ludwig’s Arhbeiten, p. 118. 1876. 

© Journ. of Anat, and Physiol, xu. p. 297. 1879. 
7 Du Bois Reymond’s Arch. 1886, p. 459. 
» M J. Rossbach, and K. Harteneck. Pfliiger’ 0 Arch. xv. p. 4. 1876. 
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2. Refractory phase. 

A method of summed contraction-height suchas used by Bramwell 
and Lucas? for determining refractory phase of the propagated impulse 
in the frog’s nerve-muscle preparation might obviously be applicable 
to reflex arc response. As just mentioned however, the regularity of 
the contraction-height being less with the break-shock reflex than with 
the break-shock nerve-muscle twitch the application of the method to 
the reflex case can hardly be expected to give such clear results. 
Before trying the method on the reflex arc we made some observations 
with it on the motor-nerve-muscle of our preparation. 

For this we used two pairs of electrodes and delivered the break- 
shocks at two separate points of the nerve, the interval between the 


points, always carefully noted, varying in different experiments between 
15 mm. and 40mm. We chose not to deliver the two stimuli at one 


and the same point because we had in view the employment of the 
method for the reflex response and there the relatively strong shock 


required might make the local stimulatory after-depression (Lucas) 


assume large influence. Nor did we employ Bramwell and Lucas’s 


ingenious method of combining the anodes since, as had become evident — 


from the observations mentioned in the previous section, there was 
in the case of the reflex response no prospect of being able to use a 
maximal response, and therefore the practical equalising of the difference 
in intensity of the two stimuli by making both maximal could not be 
resorted to. The platinum points of each pair of electrodes were 5 mm. 
apart and placed obliquely astride the nerve trank with kathode down- 
wards, i.e. toward the muscle. The knock-over keys of the two primary 
_ circuits were opened by the swing of a heavy pendulum in the middle 
course of its path. One knock-over key was fixed at the point where 
the pendulum hung vertical; the other was adjustable to either side 
of that point. The movement of the stage carrying this second key 
was similar to that of a movable object stage of a microscope worked 
by a rack and pinion. The stage carried a scale with divisions of -5 mm. 


The micrometer screw of the stage had a drum head dividing one full 


turn of the screw, corresponding with one division of the stage-scale, 
into one hundred parts, and a device minimising tendency to back-lash. 

For our work, however, quarter turns of the screw gave fully sufficient 
fineness of adjustment. In most of our observations one full turn of 
the micrometer screw altered the time separation of the two —" 


This Journal, p. 495. 1911, 
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by -22c. The speed of the pendulum could be adjusted by lowering 
or raising its release point. The speed of the pendulum for a range of 
40 cm. of the middle of its course could be measured by recording with 
a tuning-fork on a glass plate which could be lowered to the level of 
the pendulum-bar that opened the key. This plate was raised when 
the pendulum was in use as a key-opener, but its raising did not alter 
the speed of the pendulum because as the front plate was raised a twin 
back-plate was lowered proportionately so that the height of the centre 


of gravity remained unchanged. The speed of the pendulum-end 


during the 25 mm. of the midmost part of its course, beyond which 
our scale did not extend, did not alter appreciably. 


Fig. 3. 


_ .The kathode of each of the two pairs of electrodes was to the muscle- — 
side of the anode. The two inductoriums were at right angles to each 
other. The secondary coil of each circuit was a couple of centimetres — 
nearer the primary than the furthest place whence a break-shock gave 
a maximal twitch. The procedure for an observation was as follows 
(Fig. 3). One of the break-keys, in this instance that for the electrodes 
(A) nearer to the muscle, was set-at five complete turns of the screw 


nearer to the start of the pendulum than the other (B) placed at the 


mid-point of the pendulum swing. The pendulum swing gave then 
a summed contraction as shown by the contraction-height recorded 
on a stationary surface. The pendulum was then reset for a fresh 
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swing in the same direction as before. The micrometer screw was 
given a half turn as measured by the engraved scale on its drum head, — 
bringing the A break-key half a division of the micrometer stage plate 
nearer to the B break-key. The stationary recording surface was moved 
so as to allow a fresh record of contraction-height to be recorded near 
to the previous one. The pendulum was then released and again gave 
@ summed contraction. Proceeding in this way (Fig. 3a) the eleventh 
- repetition brought the two break-keys exactly opposite each other, 
that is with zero lateral, separation and no appreciable time interval 
between them. After that the ensuing ten repetitions were with the 
A key further from the starting-point of the pendulum than was the 
_ B key, that is with the stimulus at the electrode nearer the muscle 
_ following instead of preceding the stimulus at the electrode further from 
the muscle. The observation was then repeated (Fig. 3 6) in the reverse 
order. Both observations showed that the change from simple twitch 
to summed contraction occurred between 4 and 3-5 full turns of the 
micrometer screw from the zero point where the keys were just opposite | 
each other. One full turn of the micrometer screw meaning a time- 
separation of -22¢, the change occurred when the ‘interval was more 
than -77o and less than 88¢. The temperature of the nerve-trunk as 
judged by a thermometer the bulb of which lay alongside it in the 
wound was 33-4°C. The distance between the electrodes on the nerve- 
trunk was 25mm.; allowing 2c for the conduction time for this 
distance, a rather short allowance, the refractory phase would seem to 
have just passed off in -68¢. The secondary coil of A was then brought 
up from 27 cm., where it had been in the above observations, to 24 cm. ; 
that of B remaining unaltered. The strength of A’s stimulus having 
been thus increased, the observations were then repeated (Fig. 3c, d) and 
a difference in the duration of the refractory phase appeared according 
as A’s stimulus preceded B’s, or B’s preceded A’s, The refractory phase — 
due to the A stimulus judged by the passage of the B’s effect lay between — 
‘88o and -990; but the refractory phase due to the B stimulus as judged 
by the viability for A’s effect lay between -660 and «770; a time which 
when the conduction period is deducted as before, arrives at a refractory 
phase of between -4¢ and -bo at this temperature. Other observations 
made in other experiments on the same plan gave results as follows. 
Piper. Pfliger’s Arch. oxxrv. p. 691. 1908; oxxvit. p: 474. 1909; confirmed by 
Snyder. Amer. Journ. of Physiol. xxv. p. 474. 1910, and Jolly. Brit. Med, Jal. Oct. — 
1910; Quart. Journ. of Bupl. Physiol. rv. p. 67. 1911. 
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Taste I. 
Microm. divisions = -33¢ 
35 mm. near stim. follows 3 div. no summ. 
| 3-5 div. } red. aver. -730 
20mm. _—srnear stim. follows 3 diy. summ. 
2-5 div. no | red. aver. “Ie 


near stim, leads 3 div. summ. 


2-5 div. no summ red. aver. -7¢ 
Microm. division = 


Bx 20mm. near stim. follows 4 div. summ. 


3°5 div. ce | red. aver. -68¢ 


stim. leads 3-5 div.summ. 
div. no summ. red. aver. -47¢ 
4 26 mm, near stim. follows 4 div. summ. 
: | 3-5 div. 20 red. aver. 


near stim. leads 4 div. summ. 
3°56 div. no summ., 


We next proceeded to observations with reflex contraction as the 
sign. Langendorff and Winterstein’s paper! on reflexes contains 
some observations of this kind on the cooled frog. From them it 
appeared that using either single shocks or brief faradisations for 
stimulation there was no evidence of refractory phase on abbreviating 
the interval between the first and second stimulus down to -04 sec. 
For observations on the spinal mammal we chose as muscle tensor 
fascia femoris, because that muscle has been shown to be readily 
evoked in the homonymous limb-reflex? and because in using it the 
long unbranched course of the peroneal nerve can be employed as 
afferent, which could of course not be done with tibialis anticus. But 
the electrode pairs A and-B from the separate inductoriums were first 
applied to the peroneal and popliteal nerves respectively. These nerves 
were cut and ligated distal to the electrodes and were used as afferent 
trunks. The two nerve-trunks were well separated low down the 
thigh, and the electrode on each was placed with kathode toward the 
spinal cord at the same distance down each nerve. A strength 
of break-shock for each circuit was found which gave a reflex response 
of contraction-height closely similar to that of the other. It was 


1 Pfliiger’s Arch. oxxvit. p. 507. 1909. 
* Sherrington. This Journal, xu. p. 34. 1910. 
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simultaneously. by the pendulum the result was a response of con- — 
traction-height greater than that given by either separately; in short, 
summation at zero interval (Fig. 4 a), a result of the same significance 
as some obtained by Camis’, The electrode pair B was then 
transferred from the popliteal nerve to a point on the peroneal 30 mm. 
nearer the cord than electrode pair A, and with kathode toward the 
cord. Observations were then taken similar to those with the electrodes — 
on the two separate afferents respectively but with both electrodes on 
that same afferent, namely peroneal. The result was that when the 
two stimuli were applied simultaneously, that is with the two break- 


Fig 
keys at zero interval from one another under the sali swing, 
that is with a time interval owing to spatial separation of the nerve of 
something rather less than -3o, the contraction was no greater than with 
one of them alone (Fig. 48). 

The observations were then continued on the same plan as those 
already described in the case of the motor nerve, except that the kathode 
of each electrode pair lay on the central instead of the distal side of 
its anode. 

The kind of result obtained is exemplified by Fig. 5. The pandas 
swing in this instance gave a value of -23c to each complete turn of the 
micrometer screw. Between the succeeding individual observations 

3 1M. Camis, This Journal, xxxrx. p. 228. 1909. 
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three complete turns of the micrometer screw were given. With A, 
the distal, stimulus preceding the proximal B by 12 turns the reflex re- 
sponse was higher than from either stimulus alone, also with A preceding 
by nine turns. At six turns it was less high than in the two precurrent 
observations but higher than with either stimulus alone. At three 
turns and at zero it was no higher than from one stimulus alone. Then, 
with B stimulus preceding A, at three turns the contraction-height 
was no greater than at zero, but at six turns it was distinctly greater, 
and at nine turns greater still. With 12 turns the observation gave a 
contraction of about the same height as at nine turns, but on repetition 


Fig. 5. 
gave a height slightly greater than at nine turns. The series of obser- 
vations was then run through again in reverse order with practically 
the same results as before; and then once more in the original order 
with similar result again except that the B A at three turns response 
was distinctly higher than the zero result. 

Another procedure adopted for the observations is shown in Fig.5b 
1 and 2. In Fig. 561 the A response was first recorded three times, 
_ then the B response four times, then the A + B response, A stimulus 
preceding B by six turns of the micrometer screw; then the B response, 
then the A response, then the A + B with the same interval as before; 
then B response, then the A response, then 4 + Bas before; then the 
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A response and finally the B response. In Fig. 562 three separate 
B responses were first taken, then two separate A responses, then 
B+ A response, B stimulus preceding A by the interval given by six 
complete turns of the screw, then one B response, then one A, then 


a B+ A as before, then one B response then one A, and finallya B+ A 


as before. The A+B responses and the B+ A responses are each 
_ marked with a stroke above to identify them. 
The figures exemplify the drawbacks to the observations; but they 
indicate a distinct though small increment of reflex contraction-height 
on the delivery of two stimuli instead of one when the two are delivered 
with a time interval between them of not less than 1-38c. Increment 
is very small as compared with the summation increment given by 
the motor-nerve muscle preparation. Further the regularity of the con- 
traction-heights in the reflex responses is for the same stimuli less than for 
the motor-nerve preparation and lends uncertainty to the result. Thus 


in Fig. 5a of the six observations 4+ B with 12 turns separation the 


second and fifth have contraction-heights not greater than at nine turns. 
Taking the increment although small as a sign of summation the 
result of the experiment in both its forms is the same and indicates 


summation when the stimuli were separated by 1-380 on the key and 


no summation when they were separated by ‘7c. The distance between 
the electrodes was 30 mm., so that allowing ‘3 for conduction time the 
refractory phase would appear to have lasted in no part of the reflex 
arc for longer than 1-080, whereas at -4o it was still present. The 
following are results given by our observations conducted by the above 
method; we would again remark that the summation increment of 
contraction-height being smaller and the reflex responses less regular 


than with the motor-nerve preparation greater uncertainty attends — 


the determination of the summation point. 


Taste IT 
1 Dist, stim. leads 1-540 25 mm. <1-190 
Dist. stim. follows lle 25 mm. < 
2 Dist, stim. leads 1-760 - 45 mm. <1-l6e 
Dist, stim. follows L540 60 mm. < 
Dist. stim. leads - 1-4le 45 mm < 
Dist. stim. follows 1-4le 45 mm. < ‘960 
4 Dist. stim.leaeds  - 1760 | 45mm. <l3le 
Dist, stim. follows — 1-426 45mm, < O60 
5 Dist. stim. leads 132¢ 25 mm, <1-07¢ 


Dist. stim, follows 1-100 25 mm. 880 
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3. The single break-shock reflex as test for the degree of 
responsiveness of a reflex arc. 

The brevity of the break-shock practically eliminates time from its 
variables as a stimulus. This, along with the relatively short-lasting 
reaction which it unless intense evokes from the reflex arc, makes it 
specially suitable as test for an arc’s reflex condition. As a stimulus 
the break-shock is more manageable and more simple than are mechanical 
agents. Jolly’s! analysis of the electrical variation of the knee-jerk 
shows that a mechanical stimulus even so seemingly simple as the light 
tap eliciting the jerk is in reality often a multiple and repetitive stimulus. 

Inhibition of ipsilateral spinal. flexion arc by contralateral spinal 
tested. In the spinal preparation the inhibition exerted on ipsilateral — 
reflex of the ankle-flexion® by the contralateral limb’s afferent is subject 
to a good deal of exception and is often not completely demonstrable® 


Fig. 6. 
by the usual methods. Using moderate stimulation of contralateral 


popliteal and with single break-shock reflexes from ipsilateral popliteal 


afferent as test a complete inhibition was regularly demonstrable 
(Fig. 6). The method seems therefore delicate and by it the course of 
the inhibitory reaction can be followed with less risk of complication 
by temporal induction or fatigue than by the usual method. Thus in 
Fig. 6@ the slow passing off of the inhibitory after-effect persisting 
subsequent to a rather strong stimulation of the contralateral afferent 
(popliteal) i is clearly shown. 


Loe. cit, 
T. Graham Brown and C. Sherrington. This Journal, XLIVv. 128, 1912, 
T. Graham Brown. Journ. of Physiol. vu. p 208. 1914. 
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Augmentor effect of previous activity. Using the reflex response to 
a single break-shock as a test for the activity of the centre it was 
frequently found that reflex action induced by another afferent nerve 
than that employed for the test response was followed by increase of 
the test response. Thus (Fig. 7), using tensor fasciw femoris as muscle, 
with single break-shocks applied to the peroneal nerve as afferent and 


of just below threshold strength—in the case figured (Fig. 7 A) three — 


stimuli were delivered as indicated by strokes under the abscissa line. 
Then a short faradisation of the popliteal nerve as afferent was em- 
ployed evoking a mild tetanic contraction, f in the figure, and this 
made the break-shocks subsequently applied to the peroneal nerve of 


Fig. 7. 


much above threshold efficacy though previously subliminal. And this 
augmentation lasted several seconds. 

Similarly, faradisation of the peroneal nerve as afferent caused 
break-shocks applied by electrodes proximal to the faradising pair to 


become amply effective although, previous to the tetanic reflex caused — 


by the faradisation, they had been subliminal. This augmentation 
gradually died away in the course of some seconds (Fig. 7B). Within 
limits the augmentation persisted longer the longer the precurrent 
reflex. The reflexes in response to the faradic stimulus are marked 
fin the figure; the first was maintained for 4 secs., the second for 3 secs., 
the third for 1 sec. and the last for 5secs. The previously subliminal 
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break-shock was repeated at intervals of 2secs. after each of these 
until the facilitation died away. It is seen that the facilitation persisted 
for 14 secs., 12 secs., 6 secs. and 16 secs. respectively. 

Comparison of the state of thé flevor are in the spinal. and in the 
decerebrate condition respectively. Having familiarised ourselves with 
the single break-shock reflexes of tibialis anticus in the spinal preparation 
we employed the break-shock reflexes to test how far the same flexor 
reflex are behaved differently in preparations retaining the hind-brain 
as well as the spinal cord from its behaviour in the purely spinal prepara- 
tion. For this purpose prepatations were made with the decerebrator. 
This ablates with the head the whole of cerebrum and mid-brain. The 
procedure was first to record a number of tibialis anticus reflex responses 
elicited by a single break-shock applied to the central stump of homony- 


_ mous popliteal nerve in the hind-brain preparation, and then without 


in any way altering the stimulating or recording apparatus to sever 
spinal cord at tenth thoracic level and repeat the observations. 
Tibialis anticus is a flexor muscle and does not share in decerebrate 
rigidity (postural reflex contraction) which ensues in the extensors on 
decerebration, so that the resting length of the muscle was practically 
the same before and after the spinal transection. The abscissa line 
for the contraction-heights of the muscle responses remained therefore 


closely comparable throughout. 


‘We noted that after the spinal transection the threshold for the 
reflex fell. It has been shown previously that this occurs with certain 


other flexor muscles of the limb after transition from the decerebrate 


to the spinal condition. We found that the fall though sometimes 
small was sometimes considerable; thus, 29cm. on inductorium scale 
3 hrs. after decerebration and 31 cm. 10 mins. after spinal transection, 
34 cm. 2 hrs. after spinal transection. And the change was not rarely 
from a rising threshold after decerebration to a falling threshold after 
spinal transection; thus, 26cm. 1 hr. 40 mins. after decerebration and 
23cm. 20 mins. later; then spinal transection and 10 mins. later 
threshold at 27 cm., 1 hour later threshold at 41 cm. and 40 mins. later 
at 43 cm. 

The contraction-height of the reflex was less in the decerebrate 
than in the spinal condition. This was so not only for break-shocks 
near above threshold but also for all strengths over the wide range 
tried. The excess in height of the spinal reflexes over the decerebrate 
for corresponding break-shock strength was often very considerable. 


26.8. Sherrington. This Journal, xt. p. 68. 1910. 
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Table III exemplifies this from a single experiment. It shows also a 
further difference commonly making its appearance between the decere- 


Taste III. | 
Contraction- of reflex. Break-shock Contraction-height of reflex. | 8 
40 
35 
38 6 8 
87 6 
36 
35 
21 33 
38 
32 27 38 
81 305 
80 335 «40 
29 35 42 
28 15 min. after 36 43 
dovorebration 26 0 805-465 
0 4 2 41 
3 2 24 10 5 
9 0 22 16 12 47 48 
10 55 356 2 21 21 21 48 49-5 
10 6 6 20 23 25 485 48 
106. 6 8 35 19 28 33 485 ts 
n 7 + 4 18 32 36 495 49 £ 
65 17 36 38 50 49-5 
15 10 8 7 16 39 40 505 BO 
“4 14 6 49 52. 
195 19 13. 48 51 53:5 
25 2 17 16 12 51 54 55 6 
23-5 19 20 11 54 57-5 B65 
26 26 22 22 10 55 55 575 OT 
A D A D A D A D 


A series taken with secondary coil pushed nearer to primary each half-minute. 

B series taken with secondary coil. pushed further from primary each half-minute. — 
At each strength three reflexes were taken at 3 secs. interval, and the number gives 
the average height of the three in mm. of recorded height = natural height x 5. 


brate and spinal series, namely that over a considerable range of stimuli a 
of low or moderate strength the height of the decerebrate response a 
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remains almost the same. The apices of the decerebrate contractions 
give therefore somewhat of a plateau between a short supraliminal 
ascent and a less short ascent under increments of the strong stimuli. 
This is not so with the spinal reflexes. With the decerebrate reflexes 
it is as though some inhibitory influence mixed with the excitatory 
interfered more after the stimulus reached a certain moderate strength. 

The whole set of features, lowered threshold, greater contraction-_ 
height, and more rapid increment of height in the series support obser- 
vations of other kind' that the flexor limb centres are under some 
degree of inhibition during reflex standing, the postural reflex habitually 
present in the decerebrate preparation. We have no observations on 
the above differences when that postural reflex, as occasionally happens, _ 
does not develope in the spinal-hind-brain preparation. 


Summary or ConcLusIONs. 


1. In the mammalian spinal preparation the single break-shock 
reflex of a flexor arc has a threshold sometimes very little higher than 
that of the peripheral nerve-muscle preparation, though sometimes very 
greatly higher. 

2. With varied strength of break-shock the range of contrac- 
tion-height of the spinal reflex extends over a much wider stretch of 
inductorium scale than does that of the peripheral nerve-muscle pre- 
paration similarly tested. 

3. The single break-shock flexor reflex can much exceed in height 
the maximal contraction excitable by a single break-shock from the 
nerve-muscle preparation itself. 

4. The regularity of the contraction-height of reflex responses to 
a series of similar break-shocks is less than that of a series of maximal 
twitches evoked from the peripheral nerve-muscle preparation. Stair- 
casing however was much more marked with the peripheral nerve- 
muscle preparation than with the reflex. 

5. Observations by the summed contraction method of the duration 
of the refractory phase in the mammalian peripheral nerve-muscle found 


it measures at temperatures a few degrees below blood temperature 


between -5 and -7a, e.g. at 33°C. RE nerve 
trunk, -65c. 


1 Sherrington. This Journal, xt. p. 105. 1910; Roy. Soc. Proc. B. Lxxxvi. p. 252. 
1913. 7 
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The results of the same method applied to the reflex arc through 
a bared afferent nerve were far from being so clear, but tended to show 
- that in the arc examined (ipsilateral flexion reflex of limb) as tested 
by two break-shocks the refractory phase was nowhere of @ greatly 
different order than that of the motor nerve-muscle preparation itself. 

6. The single break-shock reflex proved a delicate test for the state 
of responsiveness of the spinal flexor arc; by it (1) the inhibitory 
influence of the symmetrical contralateral nerve was examined, (2) 
marked facilitation was found to ensue after reflex excitation via another 
ipsilateral afferent and (3) the responsiveness of the ipsilateral flexor 
arc was found to be considerably greater in the spinal than in the 
decerebrate condition, if decerebrate rigidity were present. 
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THE EOSINOPHIL CELL OF TELEOSTEAN FISH. 
By ALAN N. DRURY, BA., Shuttleworth Student of Gonville 
and Caius College. Plate I. 


(From the Plymouth Marine Biological Station and the 
Physiological Laboratory, Cambridge.) 
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Conclusions . 


NorMAL or Eostnopuin CELLs. 


Tue earliest observer who made mention of the occurrence of acidophil 
granular cells amongst fish was Pouchet(1), in 1880, and he described 
them as occurring in Selachian fishes. In 1896, Knoll ) described 
large granular cells in the Ray and the Dogfish. Siawcillo(@) found 
these’ granules to be acidophil in character; and later, Rawitz«4), 
working on the same cells, confirmed, in the main, the results of 
Siawcillo. Thus it was shown that the blood of cartilaginous fishes, 
and of Ganoids, contains cells with large granules staining with acid 
dyes. 

In the case of Teleostean fish, on the other hand, there seemed to 
be a strange absence of these cells. Mesnil (5), in a paper published in 
1895, laid great emphasis on this point; and failed to find, with any 
certainty, acidophil granular cells in any of the fish he examined. 
Some further work by Rawitz(4) went far to support this assertion 
of Mesnil’s, though this observer found the cell in one or two species. 
Meinertz (6) followed this line of work, and in a series of fresh water 
species, only found the cell in the roach. Hirschfeld-Kassman(7) 
also obtained negative results. On the other hand, Loewenthal(s) 
described the cell as occurring in a large number of fish. Lanine(®) 
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reworked the question of fresh water fish, and out of twelve species 
examined he was only able to find the eosinophil cell in eight; and 
some general comparative work by Wertzbergi(io) lent support to 
Lanine’s results. 

In spite, then, of the large amount of research on Teleostean fish, 
the results are very inconclusive. The question is of interest, not 
only from the point of view of comparative histology, but also from 


the fact that Metchnikof’s theory of immunity() is largely based 


on the total absence of eosinophil cells in Teleosteans. It was, then, 
obviously desirable to make a further attempt to settle the matter. 
It has been noticed that in many animals there are often to be found 
cells, the granules of which are very unstable, and alter very markedly 
either as the result of being removed from the body (12) or of a chemical 
change induced by the action of the fixativea3). It seemed useful to 
consider the eosinophil cell of teleostean fish to be of this type, and to 


approach the question from the point of view of either fixing the cell — 
with great rapidity or stabilising it by some means, so that it could 


be stained in vivo, or fixed with a much greater degree of certainty. 
The place of occurrence might also be of importance. The majority 


of observers have dealt only with the blood and have ignored | 


entirely the peritoneal fluid. It is a noticeable fact, however, that 
_ while in the rat (as in other mammals) the differential count of the 
blood shows the granular eosinophil cell to be only present as 2°,, 
a similar count of the peritoneal fluid gives readings varying from 
25 %/,-40°/,04). I have restricted myself for the most part to those 
eosinophil granular cells which occur in the peritoneal fluid of salt 
water fish; though blood films have been examined in order to com- 
pare the occurrence of the cell in the hemal and coelomic spaces. 

_ Methods. The method of examining the peritoneal fluid and the 
cells that it contains, was by means of a hanging drop; the peritoneal 
fluid being kept unclotted by means of hirudin. , 

The fish was taken, the brain destroyed and the hole plugged with 
cotton wool to prevent further bleeding’, Half a c.c. of a solution 
of hirudin in isotonic(15) saline (1 ¢.c. of solution containing 0-0001 gr. 
hirudin) was then injected into the peritoneal cavity, by means of a 
hypodermic syringe. The fish was placed in a stoppered jar containing 
a little sea water, and the jar immersed in a trough containing 
circulating sea water, so that the animal was kept moist and at an 


even temperature. After 4-1 hour, the fish was taken out of the jar, 


The heart-is found to be still beating 4 hours sfter the destruction of the brain. — 
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and a small hole was burnt through the wall of the peritoneal cavity 


by means of a red-hot wire. The wire seared up the torn vessels, and 
prevented bleeding into the peritoneal cavity, so that there was no 
admixture of hemal cells. The peritoneal fluid was then sucked up 
into a pipette, and mixed immediately with an equal volume of the 
hirudin solution; and a number of moist chamber hanging drops were 
made. These were placed in an atmosphere saturated with water 


_ vapour and kept for 12-24 hours, being examined from time to time. 


Hanging drops were also made of the spleen; the organ being 
quickly removed from the hirudinised fish, and cut up in some of the 
solution, of which the hanging ‘drops were made. 

Staining was effected in the hanging drops, by mixing with the 
hirudin solution either eosin or methylene blue. The stains were used 
as dilute as possible so that the greatest amount of differentiation could 
be obtained in the staining. 

Staining took place in the case of the granules in about eight hours, 
though in some cases as long as 24 hours were required; the process 
as a rule could be hurried on by warming the hanging drop, but in 
many cases such treatment was harmful to the cell. The nucleus took 
much longer to stain unless some fixative was allowed to act, when 
it stained up quickly. In those cases where a long period of time was 
required for the staining process, reasonable care was taken to make 


the hanging drop aseptic, for the first effect of a septic condition is 


an alteration in the cells of the peritoneal fluid. When the cells had 
stained, the hanging drop was carefully lowered down on to a slide, 
and examined with the highest powers of the microscope. 

- Fixatives(i3) produced a marked change in the character of the 
cells. The following methods were tried: quick fixation with boiling 
absolute, formalin vapour, osmic acid vapour, either on the normal 
peritoneal fluid or on the fluid previously treated with hirudin. These 
methods failed to give consistent results (as to the staining reaction), 
except in those fish which possessed cells of normal stability; often in 
these cases the acidophil character of the granule was much reduced, 
in some cases becoming amphophil, or requiring a long immersion in 
a saturated solution of eosin in 75°, alcohol to effect a reaction. 

The following fish were examined: Ctenolabrus rupestris, Blennuis 
pholius, Trigla gurnadus, Solea variegata, Callionymus lyra, Gadus 
pollachius, Gadus minutus, Gadus luscus, Centronotus gunellus, Syn- 
gnathus acus, Agonus cataphractus, Labrax lupus, Trigla hirundo, 
Salmo irridens, Centrolabrus melops, cee platessa, Carassius 
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auratus. The nomenclature adopted is that used in “Plymouth Marine 


Invertebrate Fauna” (16). 

The eosinophil granular cells which have been found in the various 
fish divide themselves into two main classes, those in which the 
granules are stable in every way, and those in which the granules 
immediately undergo change after removal from the body. One or 
two species are perhaps intermediate in character. 

In the observations of the peritoneal fluid, and the cells that it 
contains, which follow, it is to be understood that the measurements 
are only the mean of a number of measurements, and represent the 
average size of the cells seen. This statement applies also to the 
measurements of the size of the nucleus and regen The shape of 
the nucleus varies but slightly. | ae 


Stable granules. 

Ctenolabrus rupestris (PI. I, fig. 1). The coarsely granular cell of 
this fish occurs always in the peritoneal fluid. It is a moderate sized 
cell, its diameter being 7-9, and is packed with highly refractive 
granules. These granules attain the size of 1-5u, but are generally 
0-75p in diameter. In the hirudin eosin solution, a few of the granules 
generally take on the eosin stain before the majority, but there seems 
to be a time at which all the cells stain suddenly. The nucleus is 
ovoid, and measures 4 in its long axis. The nucleus and the inter- 
mediary substance between the granules after fixation stain with basic 


dyes. In the film after rapid fixation the granules stain with eosin in 


alcohols under 
In films made from the blood, sell. 


inconstant, and it may only occur ii about 1 out of 10 films. In films 


from the spleen, it is of more frequent occurrence, but this is due, most 
probably, to the peritoneal fluid which adheres to the outer surface 
of the spleen. The chief place of occurrence is the peritoneal fluid 
(coelomic), while its presence in the blood, in anything but minimal 
numbers, is perhaps pathological. 


Centrolabrus melops (P1. I, fig. 2). The cell is 104 in diameter, and 


is moderately filled with granules, Tu in diameter. The nucleus is 
ovoid and measures 4 on its long axis. 

Labrax lupus, The cell is 9 in diameter, and i is filled completely 
with a number of highly refractive granules. The granules are 0-75 
in diameter, the nucleus is either ovoid or horseshoe — ae is 
on its axis. | 
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 acus. The cell is 9 in diameter, and is filled with a 
number of highly refractive granules 0-75 in diameter. The nucleus | 


is ovoid, and is 5y on its long axis. 


Centronotus gunellus (P1. I, fig. 3). The cell is 84 in diameter. It 
is filled with refractive granules Ipi in diameter. The nucleus is ovoid, 
and measures 4 on its long axis. 

Callionymus lyra (PI. I, fig. 4). The cell is filled with @ number of 
refractive granules. The cell is 91 in diameter. The granules are 
small, being OTe in diameter. The nucleus is ovoid, and measures 


4y on its long axis. 


Trigla gurnadus (P\. I, fig. 5). The cell is of large size, euiiadine 
lly in diameter. It is filled with a number of highly refractive granules, 
about 1-24 in diameter. They take up the eosin stain very easily. 
The nucleus is ovoid, and is 4-5 on its long axis. | 

Cottus bubalis (Pl. I, fig. 6). The cell presents a variety of sizes. 
Fig. 4 shows one of the larger cells, being 15y in diameter. It is filled 
with a number of very large refractive granules, which stain deeply 
with the eosin. The granules are 1-5. in diameter. The nucleus is 
ovoid, and is 5 on its long axis. 3 


Unstable granules. 
eink pholius (P1. I, fig. 7). The cell is of the unstable nuk and 
when stained with eosin in hirudin is filled but moderately with a 
number of very fine granules, so fine that the cell is unlike the usual 


_ type of coarsely granular cell. It is 94 in diameter, and contains an 


ovoid nucleus 4y on its long axis. The granules stain deeply with the 
Solea variegata (P1. I, fig. 8). The cell is usually found full of acido- 


phil masses. It is 8u in diameter. When the granules are found they 


measure ly in diameter. The nucleus is ovoid, and is 44 on its long 
axis. The masses do not stain so intensely as the granules. 

Gadus pollachius (P\. I, fig. 9). The granular cell is 8u in diameter. 
On examination in the hirudin solution immediately after removal from 
the body, the majority of cells are found full of masses of slightly 
greater refractivity than the rest of the cell; some, however, are 
moderately filled with granules which stain with the eosin. The masses 
generally break up so that it is impossible to stain them. In films of 
the spleen, previously treated with hirudin solution and rapidly fixed, 
the cell appears as a deeply basophil mass in which acidophil granules — 
are embedded, 1-5u in diameter. The nucleus is generally ovoid, 


> yy 
Hs 
ata 
: 
| 
4 
4 
a 
§ 
4 
: 
‘a 
A 
3 
% 
t 
4 
* 
‘ 
a 
~ 
og 
un 
a 
4 
aa 
; 
5 4 
<4 


254 DRURY. 


though it is sometimes horseshoe shaped, ang is 4» in its long axis. 
The cell is seldom to be found in the blood stream. The spleen cut up 
in the hirudin solution shows a few of these cells probably derived 
from the peritoneal fluid adhering to the outside of the spleen. 

 “Agonus cataphractus (Text-fig. 1). The cell is very unstable, and 
it has been impossible to stain it up in hirudin eosin solution, When 
observed immediately after removal from the body, it presents a 
condition of a number of masses slightly more refractive than the 
cell substance, and perhaps half a dozen granules distributed through 
the cell. It is 10m in diameter, and the granules unstained are ly in 


(op 
Fig. 1. Agonus cataphractus. Fig. 2. Trigla hirundo. 


Trigla hirundo (Text-fig. 2). The cell is very unstable, and has not 
yet been stained in the hirudin eosin solution. It presents on examina- 
tion the usual appearance of the unstable cells, having the masses 
distributed through the cell, and a few granules. It is 8 in diameter, 
and the granules are 0-75y in diameter. 

Salmo irridens (Pi. I, fig. 10). Is the only fresh water fish examined. 
The cell is very variable in size, the figure showing an average sized : 
cell. It is from 10-20p in diameter, and is partially filled with refractive 
granules, 1» in diameter. The nucleus is ovoid, and measures 44 on 
its long axis. : 

Pleuronectes platessa (Pi. I, fig. 11). . The cell is unstable, and on 4 

_ examination the majority contain masses of refractive substance. i 
Some are filled with granules, and in those in which the granules have j 
melted and run, after a while, the granules begin to reform, and to : 
take on the eosin stain. The cell is 10m in diameter, and the granules 
1 in diameter. The nucleus is ovoid, and is 4p on its long axis. 

Carassius auratus. This fish was examined previously by the 
method of quick fixation only. The cell was found in films made from 
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the spleen in a few of the films only. These were in all probability 
derived from the peritoneal fluid. The staining reaction of the granules 
was more neutrophil than acidophil. No examination has been made 
as yet of the peritoneal fluid by the hirudin eosin solution method. | 


Intermediate type. 


 Labrax maculatus (P1. I, fig. 12). The coarsely granular cell is of 
the intermediate type, a certain number of the granules undergo change 
on removal of the cell from the body, while a great number remain 
unchanged. The cell is approximately 10y in diameter, and is filled 
with a number of granules which vary both in size and in refractive | 
power, the smaller granules being more refractive than the larger. 

The granules are 1-5y in diameter and stain easily with the hirudin- — 
eosin solution. The nucleus is ovoid, and measures 4, on its long axis. 
The masses, which seem to form as a result of the granules “melting” 


_ and running together, do not stain so intensely as the smaller granules. 


In the foregoing series of experiments, the various types of coarsely 
granular acidophil cells which are met with in the peritoneal fluid of 
teleostean fish show a great similarity to one another in size and 
nuclear shape, but differ very markedly in the stability of their granules. 
The reason for this is difficult to see. If the fish are divided into two 
series, stable granules and unstable granules, these show no correlation 
with any series which may be obtained by considering fish as either 
pelagic or shore, deep or surface, clean or dirty feeders; the instability 
of the cell being apparently quite haphazard. It is perhaps due to 
some curious surface relation of the cell. 

A long immersion of the cell in the hirudin-eosin solution is necessary 
to effect a staining reaction of its granules. This may have an explana- 
tion in the fact that living surfaces resist the entrance of foreign 
substances, so that the dye may be a considerable time in effecting an 


- entrance; and as will be shown later, the hirudin will delay this entrance. . 


There is, again, the factor that the surface of the granule is probably — 
in a state of being formed or dissolved off, so that the dye would be 
unable to obtain a footing on this moving surface. When some equili- 
brium has been obtained which prevents this surface instability, then 


would stamhing take place. 


Tt is noticed that the smaller granules stain more deeply than the 
granular masses. It is doubtful if this indicates a change of reaction. 


| "The shape of the granule would probably alter its electrical or mechanical 
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therefore alter the depth of staining that the surface would undergo(17). 


It is noticed that the cells at first become a diffuse pink colour, while, — 


when the cell is finally stained, the cell substance is colourless. This 


may be due to a breakdown of a few acidophil granules, and the distri- | 


bution of the acidophil substance through the cell, or that the eosin 
is diffused through the cell generally before the condition of the granule 
- is such that will allow it to take up the dye; the eosin itself may act 
as a stabiliser; after it does so, the granule is able to absorb any eosin 
that is given to it. In the stained films, it is noticed that the cell 
substance is remarkably basophil, taking up the dye in such quantities 


sometimes as to mask the lightly stained granules which are embedded 


in it. The granules, after fixation, are sometimes with difficulty made 
~ to take on an acid dye, reacting much more easily to a neutral dye. 
The difficulty is again met with as to whether the chemical reaction of 
the granule has altered, or whether the electrical and mechanical 
potentials have alone been affected. The question as to whether it is 
possible to alter the electrical and chemical potentials without affecting 


the reaction of a surface is at present unanswered; but it seems — 


able that such may be the case. 


The staining of the nucleus after long exposure to the dye leads one 


to suspect that this body refuses to take on a dye while in the living 
state; much other work goes to support this statement. Ross uses 
it as a standard of life and death(is). It is a question whether there 
is such a condition as staining im vivo. If life is considered as a flux— 


a breaking down or a building up of dead substance—it is difficult to 


imagine that staining could take place on or through substances which 
were continually changing their electrical, chemical and mechanical 
potentials. When such a flux ceases, then staining could take place. 
The difficulty, in discussing vital staining, lies in the extraordinarily 
fine dividing line that there is between living and dead substance. 


The hirudin appears to have no deleterious effects on the cells, and as 
far as can be seen does not alter their condition from the normal in 


any way; this question will be treated more fully later. 


The experiments performed above show that in the peritoneal 
fluid there are cells with granules which stain with acid dyes. It is 


impossible to attach much importance to the measurements which 


have been obtained of these granules, as they present such an unstable — 
condition, and so easily melt and run together. The measurements 
only represent an average size of the granules observed. The melting 
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and running together is well shown in the plate of Lanine’s(9) — 
on the granular cells of teleostean fish. 


It is noteworthy that in none of the species examined have any 


_ basophil granular cells been observed in the peritoneal fluid. It is 


possible that they are more unstable than the acidophil granular cells, 
and not stabilised by hirudin; or that they do not migrate from their 
normal place of occurrence, around the blood vessels, amongst the 
teleostean fishes. | 


IN OF CELLS IN | 
ConpDITIONs. 


_ No absolute enumeration of the cells was possible, as the volume of the 
peritoneal fluid varies so much in different. animals of the same species. — 
Enumeration was made by percentage counts of the granular cells 
against the non-granular cells. The following method was employed: 


the peritoneal fluid of the fish after it had been treated with hirudin. 


injections was mixed with an equal volume of hirudin-eosin solution. 
A drop of this was placed on a Thoma-Zeiss counting slide, the cover- — 
slip being placed over it in the usual way. It was then left till the 
granules had stained. All the cells sink, come to rest on the glass 
slide, and can be easily counted. Many counts were done by separating 
a coverslip from the slide by means of thin blotting paper, and putting 
a drop between them as in the counting apparatus. In the cases where 
quick counts were required, as in inoculated fish, hirudin solution 
was used without the eosin. It is quite easy to note the difference 
between the granular and the non-granular cells, although the former 
may have undergone change and the granules run into masses. 


Introduction of and becillory exivacta into the 
peritoneal cavity. 


species of fish were chosen, Ctenolabrus in which 
the granules are stable, and Pleuronectes platessa, in which the granules 
are unstable. All the experiments were made on freshly caught fish. 

A. Ctenolabrus rupestris. Percentage counts which were made on 
a number of normal fish showed that the granular acidophil cell was 
present in the peritoneal fluid in numbers varying from 21 to 25%). 
A fish was taken, pithed, and }c.c. of sterile saline injected into the 
peritoneal cavity. It was then placed in a moist atmosphere at sea- 
water temperature and kept for 14 hours. The peritoneal fluid was 
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then examined and differential counts made. The readings of the 


eosinophil cells varied from 23%, to 25°). 

Another fish was taken, pithed and } .c. of saline containing bacillus 
anthracis was injected into the peritoneal cavity. The fish was kept in 
a moist atmosphere at sea-water temperature for 1} hours. The peri- 
toneal fluid was then examined and percentage counts made. Of a 


series of four, the percentage of the eosinophil cells never rose above 


5°5°/,. The cells that were found were much less refractive, and as 


few as four granules were found in some cells. No eosinophil cells 


were found with ingested bacilli. 

Experiments of a similar kind were made, in which } c.c. of a three- 
day old culture of a non-pathogenic bacillus in peptone broth was 
injected into the peritoneal cavity. On subsequent examination of 
the peritoneal fluid, the eosinophil cells were found to be present in 
numbers about 6%/,. Controls made by injecting } c.c. of sterile peptone 
into the peritoneal cavity showed no reduction from the normal. In 
the case of round-worm extract, obtained by carefully washing the 
worms from a dogfish’s stomach, grinding them up with clean sand and 


sterile saline, and then filtering; 4 .c. of the extract injected into the 
‘peritoneal cavity caused, in half an hour, a reduction of the percentage 


to 9. 
'B. Pleuronectes platessa. Owing to the unstable nature of the 
granules, an accurate percentage count is more difficult to obtain, as 


there seem to be many cells neither granular nor non-granular. The 


mean of a number of percentage counts made on normal fish showed 
them to be present as 21°/,, but this is probably low. A fish was taken 
and treated as in the preceding experiments, } c.c. of sterile saline being 
injected into the peritoneal cavity. An examination of the fluid taken 
1} hours afterwards gave readings the mean of which was 19°%/,. An 


injection of }c.c. of sterile saline containing bacillus anthracis caused 


in 1} hours a reduction to 10°/,. In the experiments made with broth 
in which a non-pathogenic bacillus had been growing for three days, 
the readings obtained were 11°/,. Such experiments show that there 
is a very close relation between bacilli, bacillary extracts and the 
granules in the cell. They also indicate that the cells with unstable 


granules are similar in function to the cells with stable granules. The 


instability of the granule does not appear to have any connexion with 
the action of the cell, for there is no reason to suppose that the unstable 
| 
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Introduction of bacilli into hanging drops of the peritoneal fluid. 

_ Hanging drops of the peritoneal fluid of Ctenolabrus rupestris were 
iu _ made and inoculated with the following bacilli obtained from fresh 
fs agar cultures: bacillus anthracis, bacillus-filamentosus, and staphylo- 
La coceus pyogenes aureus. Controls were made in each case. All the 

inoculated drops examined showed the following features. The granular 
cells do not undergo any immediate change after the inoculation, but 
in twenty minutes the cells are seen to be less crowded with granules, 
and their refractive power is much dithinished. In an hour the bacilli 
are in great numbers close to the granular cells, while the granules in 
such cells are 12 or less. These granules are larger and much less 
lustrous than the normal, and appear to have melted and run together; 
some of the cells are completely devoid of granules, and the nucleus 
is very apparent. In the controls which were not inoculated there 
is no change at all over the same period of time. The difference 
observed in the different hanging drops over the same period of time | 
a” was only one of degree; the final effect was always the same, a distinct 
7 lessening of the granules in the cell, that condition being preceded by 
dl @ loss of lustre in the individual granules and by an alteration in their 
: Injection of rownd-worm extract into the alimentary canal. — 
| _- The extract was prepared in the following way: a number of dogfish 
* - were taken, and the stomachs opened: The round-worms were then 
pressed into sea water, and carefully washed till they were freed from 
the products of digestion. In dogfish which have been in the tanks 
for some days, and which have been fed on squid, the number of worms 
found is very small. The worms were then ground up with an equal 
volume of saline and clean washed sand, and the liquor thus obtained 
filtered. 

The fish was pithed, and the extract was injected by putting a small 
rubber tube down the gullet and allowing the extract to flow down 
this from a burette. In this way the amount injected could be easily 
controlled. The fish was then placed in a moist jar and kept at the 
temperature of sea water for varying periods of time. The fish was 

- then opened, and the alimentary canal taken out and fixed. It was 
then embedded and sections cut. 

The difficulty is to obtain a true picture of the normal condition. 
In a series of sections taken from the alimentary canals of fish just 
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caught there was no consistency in the numbers of the coarsely 
granular acidophil cells to be found in the submucous or in the mucous 
coats of the intestinal wall. It is difficult to enumerate the cells which 
occur but it is easy to see if they are few or numerous. 

A, The alimentary canal of a healthy fish which had just been 
caught was taken out and fixed in corrosive absolute acetic. The 
stomach was full of food and contained two worms, while the rest of 
the canal was only partially filled. The stained sections of the stomach 


showed that there were very few eosinophil cells in either the mucous 


or submucous coats, while in the intestine hardly any cells were found. 
A series made on normal fish showed but little deviation from the 
above. B. A fish which had been kept in a tank for seven days 
was taken, pithed and 1c.c. of the extract was injected; two hours 
afterwards the alimentary canal was fixed as before. The whole canal 
was empty of food. Stained sections of the stomach showed the presence 
of large clumps of eosinophil cells in the submucous and especially in 
the mucous coats. The sections of the intestine showed a similar con- 
dition but in a less marked degree. A series of such fish which had been 
kept in the tanks and injected with the extract all showed the same 
features in the sections made of the alimentary canal. (. A control 
was made by fixing the alimentary canal of a fish which had been kept 
in the tank but which had not been injected with the worm extract. 
In this case sections of the stomach and intestine showed the presence 
of considerable numbers of eosinophil cells in the mucous and submucous 
coats, so that it is not possible to assume that the changes observed 
in the injected fish are due only to the worm extract. It is noticed 
that those fish which are caught and kept in the tanks refuse to feed 
for about seven days. Absence of food in the alimentary canal leads 
to an increase in the number of bacteria present, so that in the case of 
fish C one is dealing, not only with a canal empty of food, but also with 
_ a canal full of bacteria; both of these factors will influence the presence 
of the eosinophil cell~2). From the above results it is impossible to 
derive any positive evidence as to the influence of injecting round- 
worm extract into the alimentary’canal on the eosinophil cells. In the 
main, nevertheless, they indicate that it is followed shortly afterwards 


of the gut. | 
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The action of serum. 


The absence of the granular cell in the blood was striking, and the 
possibility presented itself that the blood was in some way harmful to 


_ the cell, and caused its disintegration. The following experiments were 


made to investigate this point. 

A pipette full of peritoneal fluid was taken from a Ctenolabrus rupes- 
tris. Immediately afterwards, the heart cavity was opened, and blood 
taken from the ventricle. This was allowed to clot. The serum was 


taken and mixed with a little of the peritoneal fluid which had been 


prevented from clotting by keeping on ice. Hanging drops were made, 
and observed. Another method was also used; two drops, one of the 
peritoneal fluid and one of the serum, were placed side by side on a 
coverslip, and in the drop of serum an iron filing was placed. The 
coverslip was then inverted over a hollowed slide. The two drops were 
watched, and then the serum was drawn and mixed with the peritoneal 
fluid by means of & magnet, so that the effect if any could be watched 


_ from the time of mixing the two drops. Such a series of experiments 


failed to show that the serum of the same animal had any effect on the - 
cell; for the cell remained as normal as if it had been in peritoneal 
fluid all the time. 

The serum, then, seems to have no nocuous effect on the cell. This 
does not eliminate all the factors that the cell would meet with in the 
blood stream; there are, for instance, the substances liberated in 
the spleen pulp, and in the other hemal glands. It may be that the 
normal place of occurrence of the granular cell is in the peritoneal 
fluid, and that it only becomes a hemal cell in response to some toxic 
stimulus. 


Cases of eosinophilia(is) have been looked for, but one case only 
was noted. A bass which was caught was put into a tank. Two 


. days later a sore developed on its ventral side close to the anus. It 


was supposed to be due to a laceration caused by the fishing line 
and subsequent bacterial infection. In ten days the diseased area had 
spread so as to cover an area 1} inches in diameter. The fish was 
taken and pithed. Blood films were made.direct from the blood in 
the heart and fixed with formalin vapour. A large number of cells 
were found, the substance of which stained with basic dyes, and embedded 


_. in it granules and masses which stained with acid dyes. A number 


of differential counts were made, and this eosinophil cell was present 


~ 
: 
af 
4 
ha 
A 
~ 4 
A 
7 
fe 
a 
| 
» ~ 
% 
¥ 
ay 
vj 
q > 
é 
2 


362 DRURY. 


in numbers about 12°, of all the white cells present. In films taken 


Tae Errect or Cerramn SuBSTANCES 
oN THE oF Bioop CELLS. 


The solutions of the various substances to be tried were nae up 


in sterile mammalian saline solution; 0-95°/, NaCl. The thumb was 
carefully washed, and blood drawn by pricking with a needle. It was 
immediately drawn into a pipette, and diluted ten times with the 
solution to be tested. A large number of moist hanging drops were made, 
_ which were kept in a moist atmosphere and at an even room temperature. 
They were examined from.time to time. 
Saline. 0-95°%/, NaCl. Red blood corpuscles become crenated in 
about 10 minutes, this crenation steadily increasing. The white cells 


at first remain normal, but after three hours lose their outline and — 


normal colour and at the end of 10 hours are indistinct blobs. 

Sodium Citrate. 1°/, solution in 0-95°/, NaCl. Red blood corpuscles 
retain their globular form for 12 hours or longer. The white cells 
remain normal, but at the end of 12 hours lose their sharp outline 
and the typical normal aspect. 

Hirudin. 10.0. of 095%, NaCl contains 0-00018 hirudin. Red 
blood cells become immediately crenated, and follow the effects noted 
with saline. The white cells remain normal for as long as four days, 
and appear as normal at the end of that time as at the beginning. 

Lanthanum mirate. Two drops M/400 solution in 10 c.c. saline. Red 
blood cells crenate quickly. White cells remain normal for 12 hours, 
after which they tend to disintegrate. 


Peptone. Red blood cells crenate quickly. White cells normal for 


eight hours, after which disintegration sets in. 


24 hours, or longer. The white cells after six hours show signs of | 


disintegration. 

Both the peptone and the bacillary peptone were made by adding 
10 drops of a 2°/, solution of peptone in 0-95°/, sodium chloride; to 
10 c.c. of 0-95°%/, sodium chloride solution. For the bacillary peptone, 
peptone in which staphylococcus pyogenes aureus had been growing 
for two days was used. The peptone was carefully centrifuged, and 
the supernatant liquid was taken. 
| The saline solution, 0-95 °/, NaCl, is of higher osmotic pressure than 
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the interior of the red cell, and consequently the cell crenates. As 
the cell does not recover from this crenation, it may be assumed that 
the surface of the cell is impermeable to the ions of sodium chloride, 
otherwise equilibrium would be established and the red cell regain its 
normal appearance. This refers only to an experiment over a short 
period of time, say two minutes. If, then, on adding to the saline any 


chemical substance, the above condition is still maintained, it is safe 


to infer that that substance does not make the cell surface more per- 
meable to the ions ‘of sodium chloride. If, on the other hand, the 
cell shows no sign of crenation, when a substance is added to the saline, 
the surface of the cell must have been altered by that chemical sub- 
stance in some way, so that osmotic equilibrium between the outside 
and the inside of the cell was very quickly obtained. In this case the 
cell surface has become more permeable to the ions of sodium chloride. 
The chemical substances divide themselves into two series, those which 
prevent crenation, and those which not only do not prevent it, but 
may even render the condition more acute. Of the first kind, sodium 
citrate and an unknown substance produced by bacteria growing in 
peptone are examples, while hirudin and lanthanum nitrate are 
examples of the second kind. With regard to hirudin a very careful 
analysis of the salt content would be necessary, before assuming that 
it was the specific substance hirudin which caused the effect and not 
some salt that it contained. It can be assumed therefore that sodium 
citrate and the unknown substance produced by growing bacteria 
render the cell surface more permeable to the ions of sodium chloride, 
while hirudin and lanthanum nitrate diminish that permeability. 

It is more difficult to arrive at any conclusion from the experiments 


on the white cells. All that can be inferred is that hirudin preserves 


the cells over long periods of time, lanthanum nitrate over shorter 
periods, while sodium citrate and bacillary peptone have not only no 
preservative action, but even cause the disintegration of the cell. It 
is of interest to discuss the possible reasons of this preservation or 
disintegration. Some experiments were carried out by Gray* on the 


action of hirudin on the permeability of echinus eggs. He found that 


hirudin decreases the permeability in a marked manner, and acted 

over long periods of time. Lanthanum nitrate also diminished the 

permeability, but only over a short period of time, after which this 

decreased permeability is lost. The decrease in each case can be 

* Unpublished Results. | 
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hirudin or lanthanum nitrate. These substances are therefore anta- 
- gonistic in action. Bacillary peptone has been shown to alter the 
permeability of the cell surface, and to cause the granules in the cell 
to disappear. Thete would seem therefore to be some connection 
between the permeability of the cell and the stability of the granule; 
at any rate, a substance which increases the permeability of a cell 
should not act as a stabiliser. Sodium citrate does not preserve the 
granular cells. The stability of the granule is not due therefore to 
the inability of the cell containing it to readjust itself quickly enough 
to a change of osmotic condition; for if such were the case sodium 
citrate would act as a stabiliser to the granular cell. If, on the other 
hand, the instability of the granule is due to an electrolyte, which, 
passing through the surface of the cell to the inside, initiates a reaction, 
then any substance which will prevent the entrance of that electrolyte, 
by decreasing the permeability, will act as a stabiliser to the cell. 
Hirudin acts as a stabiliser, and decreases the permeability of the cell. 
It is impossible to obtain wandering cells, without inflicting injury on 
the animal; it might be that some substance is liberated through 
injury to the cells lining the cavity from which the wandering cells 
are obtained, and which, increasing the permeability of the cell, or 
passing into the cell, initiates a reaction and causes a rapid disintegra- 
tion of the granules. There is the possibility that the rapid disinte- 
gration effects which are observed are due to the alkalinity of the glass 
with which the cells come in contact. If quartz is used, the same 
effects are obtained. It could be suggested that hirudin stabilises the 
cell by virtue of decreasing the permeability of the surface. In what 
way the hirudin alters the surface it is difficult to arrive at. It may 
alter the electrical potential of the surface, or it may cause a readjust- 
ment of the surface molecules, so that instead of being separated, 
they become closely aggregated together. Two other ways present 
themselves by which hirudin could stabilise the cell, one by increasing 
the surface tension of the fluid surrounding the cells, and the other 
by neutralising the substance or substances which cause the disintegra- 
tion. Experiments on the surface tension, by the drop method, of 
pure water as compared with a solution of hirudin in water, show a 
reduction from 75-2 to 65-1, the strength of the solution being the same 
as that used in the foregoing experiments. Hirudin does not, then, 
like gelatine, stabilise cells by increasing the surface tension of the 
fluid surrounding them. The second possibility remains unattacked by 
direct experiment. It can be shown, by observing under a microscope 
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the saalides of thrombi in the. mesenteric vessels of normal and 
hirudinised toads, that hirudin affects the surface conditions of the 
cell, and this coupled with the fact that hirudin acts in extremely small 
quantities would suggest the surface as its seat of action. 


CoNCLUSIONS. 


The supposed absence of the coarsely granular eosinophil cell in 
teleostean fish is not real. The inability of the earlier observers to 
find this cell was due, in part, to its peculiar absence from the blood, 
and in part to the instability of the granules it contains. This instability 
shows itself, not only by a melting and running together of the granules, 
but also by a change of reaction in the staining properties due to the 
action of fixatives. 

The cell is intimately connected with bacilli and bacillary extracts, 
the presence of these causing a disintegration of the cell. Such an 
action is comparable to the actions observed with the coarsely granular 
eosinophil cell of all the animals which have been examined. It seems 
therefore justifiable to consider that the function of this unstable 
granular cell is the same as the function of the stable eosinophil cell, 
which Hankin(), Kanthacka3) and Hardy) have considered to 
be a cell excreting its granules and so forming a toxin for bacteria. At 
any-rate, the chief objection to this view, which depends upon the absence 
of the eosinophil granular cell in the teleostean fishes and which is so 
strongly emphasised by Metchnikoff, is unfounded. 


The expenses of this research were defrayed by a grant from the Thruston Memorial 
Fund, Gonville and Caius College, Cambridge. — 
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PLATE I. 


Camera lucida drawings. Objective yy. Ocular. 8, (English). 
Hirudin-eosin Solution. 


Fig. 1. Ctenolabrus rupestris. Fig. 7. Bilennuis pholius. 
2. Centrolabrus melops. 8. Solea variegata. 
3. Centronotus gunellus. — 9. Gadus pollachius. 
4. Callionymus lyra. 10. Salmo irridens. 
5. Trigla gurnadus. 11.. Pleuronectes platessa. 
6. Cottus bubalis. 12. Labrax maculatus. 
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ON PITUITARY SECRETION. By DOUGLAS COW, | 
Beit Memorial Research Fellow. 


(From the Pharmacological Laboratory, Cambridge.) 


THERE are two main views with regard to the place of formation of 
the active principle (or principles) of the pituitary body. On the one 
hand it is supposed that it is formed in the posterior lobe of the gland: 
this view rests chiefly on the fact that extracts of the posterior lobe 
have far greater physiological activity than extracts of the anterior 
lobe (Herring«), Howell(2)). On the other hand it is supposed to 
be formed in the anterior lobe and to pass back into the posterior lobe 
and so to the cerebrospinal fluid: this view is based chiefly on histo- 
logical grounds; the cells of the anterior lobe resemble secretory cells, 
and Guerrini(3) has described changes in the cells indicating secretory 
processes; again Herring(}) (4) has traced colloid material from the 
pars intermedia into the posterior lobe. ? 

Experiments on another subject led me to think that extracts of 
duodenal mucous membrane might stimulate the pituitary body to 
activity. Consequently I have investigated the action of this extract 
with the view of determining whether it causes histological changes in 
the cells of the anterior lobe, and, if so, whether the secretion could 
be traced histologically on its way to the posterior lobe and then 
detected physiologically in the cerebrospinal fluid. 

The experiments were carried out on cats, rabbits and dogs. They 
consisted in: 

(a) Perfusing the animal with Ringer’s solution containing extract 
of duodenal mucous membrane for periods varying between a few 
minutes and three hours (six experiments). 

(b) Intravenous injections of the extract in hypotonic, isotonic 
and hypertonic saline solutions at rosacea times before kiting the 
animals 

24—2 
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(c) Intravenous or subcutaneous injections of the extract in 
unanesthetized animals (five experiments). The injections in the case 
of cats were made by Dr W. E. Dixon, whom I have to thank for his 
kindness. 

(d) Injection of Indian ink or gelatine-carmine into the fourth 
ventricle in animals just before they were killed (six experiments). 
Some of these animals had received an injection of duodenal extract 
two hours previously. : mae 

Control experiments were carried out in the case of every variety 
of experiment under (a), (b) and (c). 

All the animals were kept under the same conditions for some time 
before the experiments, and the subsequent treatment of the pituitaries 
was the same in all respects. - 

The observations were partly histological and partly physiological. 
The former I may deal with later; but I shall only mention here certain 
tentative results, which however fall into line with those obtained by 
physiological experiment. The pituitary bodies were hardened in an 
aqueous solution of potassium bichromate (2:5°/,) and mercuric chloride 
(5°,); and stained by the method of Galeotti(s) in concentrated 
solution of acid fuchsin in aniline water at 50° C. for five minutes, and 
then in 1-5°/, methyl green in 50°, alcohol. 


mucous membrane showed in the anterior lobe a much larger number 
of cells staining with acid fuchsin and a correspondingly smaller number 
staining with methyl green. A substance staining with methyl green 
occurred in clefts in the posterior lobe. 

It was found that the colour masses injected into the third ventricle 
found their way into the cavity of the posterior lobe (in cats) and into 
clefts similar to those just mentioned. Further the colour mass could 
be traced into the body of the anterior lobe (Fig. 1). A direct con- 
nection between the cleft-like relic of Rathke’s pouch and the 
ventricular cavity was described by Peremeschkoi7), Herring 
(quoted by Cushing and Goetsch(é)) has observed the same con- 
nection, though Cushing and Goetsch failed to observe it. It 
should be noted that the latter observers worked on dogs. 

In the case of the dogs whose pituitaries I have examined the 
colour mass could not be traced into the anterior lobe so well as in the 
cats. It is possible that in the dog the same connecting path exists, 
but that the slender channels in the posterior lobe connecting with 
the infundibular cavity are so much longer in the dog than in the cat 


The pituitaries taken from animals treated with extract of duodenal — 
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that the friction offered by their walls is too great to allow the passage 
of an injection mass. This explanation appears not improbable when 
one recalls the fact demonstrated by Herring(4) that, whereas in the 
cat the posterior lobe is hollow and in direct communication with the 
third ventricle, that of the dog is solid and the direct communication 
with the third ventricle is continued only into the infundibular stalk. 
There is then a channel by which the products of secretion of the 
anterior lobe can reach the ventricular cavity and the cerebrospinal 
fluid; and these results suggest that the methyl green staining substance 


is secreted by the cells of the anterior lobe, passes back through the 


Fig. 1. Appearance presented by a sagittal section through the pituitary body of a cat, 
which had received an injection of a suspension of Indian ink into the fourth ventricle 
(by suboccipital puncture) before being killed. Note the black injection-mass within 
the ventricular cavity of the posterior lobe (A), lying in the fine radially disposed 
channels within the pars nervosa (B), present also in fine intercolumnar channels 

_ in the anterior lobe (C) and also within a definite cleft (D) in the anterior lobe. The 
black injection is also seen in the pars intermedia envelopment of the infundibular 
stalk. 


posterior lobe into the third ventricle and so becomes mixed with the 
cerebrospinal fluid. 

Experimental methods. The experiments were carried out on dogs 
and cats. The animals were anesthetized with urethane, preceded by 
A... mixture in the case of the cats and by ether and morphine in 
the case of the dogs. A cannula was placed in the fourth ventricle by 
suboccipital puncture, and samples of cerebrospinal fluid were with- 
drawn both before and at different times after intravenous injections 
of extracts of duodenal mucous membrane and of other injections 
used as controls. A sample of normal cerebrospinal fluid was taken 
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from each animal and further samples, as a rule one every 30 minutes, 
up to three hours or more after the injections. | 
The different samples of cerebrospinal fluid were tested as follows: 

(a) On the isolated uterus of the guinea-pig, | 

(b) On the isolated intestine of the rabbit. 

(c) On the vascular system of the frog. 

(d) On the enucleated eyeball of the frog. 

(ec) On the blood-pressure of the intact cat and rabbit. 

(f) On the urinary flow of the cat and rabbit. 

(g) On the mammary secretion of the lactating cat. 


(h) Half of each sample digested with trypsin and subsequently 


compazed. with the untreated samples as to their action on the isolated 
uterus. 

(i) Evaporated to dryness on a water-bath and the residues taken 
up in (a) absolute alcohol, (6) ether and (c) water; these again evaporated 
and their solid residues redissolved in water. Finally the water-soluble, 
’ ether-soluble and alcohol-soluble constituents tested on the isolated 
uterus. 


Fig. 2. Isolated uterus of guinea-pig suspended in 80 c.c. oxygenated Ringer’s solution 
at 37°C. At the points indicated 10 drops of normal cerebrospinal fluid (L) of a 
dog, and 10 drops of cerebrospinal fluid collected from the same animal 60 minutes 
after an intravenous injection of extract of duodenal mucous membrane (O) were 
added to the bath of Ringer’s solution. Upstroke = contraction. Succeeding 
doses of normal cerebrospi 1 fluid of 20 and 30 drops produced no contractions. 


The amount of cerebrospinal fluid obtained from any one animal 
is not large enough to allow all these tests to be applied to the same 
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samples. The isolated uterus test was applied to all and at least one 
of the other tests in each case, so that in the aggregate each test was 
applied at least twice. 

The results showed that, whilst the normal cerebrospinal fluid as 
a rule contained no demonstrable active principle (unless large doses, 

e.g. 3.¢.c. of the fluid were used at a time, in which case contractions of 

the isolated uterus might be evoked), those samples taken about an 
hour after the injection of extract of duodenal mucous membrane 
contained an active principle, or principles, which: 

(a) Produced contraction of the isolated uterus (Fig. 2). 

(6) Produced contraction of the isolated intestine (Fig. 3). 


Fig. 3. Isolated intestine of rabbit suspended in 80 c.c. oxygenated Ringer’s solution 
at 37°C. At the points indicated D, A and P were added to the bath, each in 
10 drop dose. Upstroke = contraction. 

D = cerebrospinal fluid of a dog collected 90-120 minutes after an intravenous injection 
of extract of duodenal mucous membrane. 


_ A = normal cerebrospinal fluid of the same dog. 


P = one drop of pituitrin (P.D.) in 10 drops Ringer’s solution. 
(c) Constricted the blood-vessels of the frog (Fig. 4). 


Fig. 4. Drop-record of perfusion through the blood vessels of a frog (cannula inserted — 
in aortic arch—outflow from vena cava). Time-marking = secs. At the points 
indicated by signal 10 drops of normal cerebrospinal fluid of a dog (lower tracing) 
and of cerebrospinal fluid of the same dog collected 60 minutes after an intravenous 

_ injection of extract of duodenal mucous membrane (upper tracing) were added 

through a side tube to the perfusion fluid. 


(d) Dilated the pupil of the enucleated eyeball of the frog. 


(e) Produced typical, though slight, increase in the blood-pressure 
of the intact cat (Fig. 5). 
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(f) Produced a distinct increase in diuresis in the intact cat (Fig. 5). 
| (g) Produced a marked increase in mammary secretion in the 
- lactating cat. 


Fig. 5. Cat—ureth arotid B-P (figs. in mm. Hg). Drop-record of urine-flow. 
At the point indicated 4 c.c. of cerebrospinal fluid (withdrawn from a dog 30- 
membrane) were injected intravenously. 


(kh) Was inactivated by digestion with trypsin (Fig. 6). 
Was in water, and in absolute and 
in ether (Fig: 7). 


‘The following protocols give details of some of these experiments : : 

iin E Samples of cerebrospinal fluid collected from a dog as follows: 
A—normal c.s. fluid. 

B—c.s fluid 6-15 minutes after extract of duod. mucous m. (intraven.). 

” 50- 60 ” 

D » 105-115 Pe 
solution at 37° C. in the usual way*. A, B, C and D each produced maximal contractions 
of the uterus in five drop doses. These samples were therefore diluted, one drop of c.s. 
fluid in 1 ¢.c, of Ringer’s solution, when it was found that five drops of A produced no 
effect. whilst two drops of D produced maximal contractions. 

A piece of isolated intestine of a rabbit was similarly suspended in oxygenated Ringer’s 
solution. In this case it was found that whilst 10 drops of A produced no effect 10 drops of 
D produced typical contractions and increased movemente. 

5 c.c. of C and D mixed were injected intravenously into a rabbit, whose carotid 
blood-pressure was recorded: a slight but appreciable increase of blood-pressure was 
recorded, which was not produced by injecting an equal volume of Ringer’s solution, 
_ or of Sample A. 

Exp. 2. Samples of c.s. fluid collected from a dog as follows: 
F—normal c.s. fluid. 


G—c.s. fuid 50-120 minutes after intravenous injection of boiled extract of duod. 
mucous membrane. 
Ten drop doses of both F and G@ produced no effect on an isolated horn of uterus: 


had no effect. 


1 The bath of Ringer’s solution contained in all cases 80c.c. of fluid. 
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The blood vessels of a frog were perfused with normal saline solution under constant 
pressure, the fluid entering by the aorta and leaving by a wound in the vena cava: a drop 
record was taken of the rate of flow. It was found that the addition of 1c.c. of @ to 
the perfusion fluid produced a 20°/, diminution in the rate of flow, whereas a similar 
dose of F was without effect. 


Fig. 6. | Fig. 7. 

Fig. 6. Isolated uterus of guinea-pig suspended in 80 c.c. oxygenated Ringer’s solution 
at 37°C. At the point indicated J, K, L, M and M’ were added to the bath of 

_ Ringer’s solution in doses of 10 drops each. Upstroke = contraction. 

J = normal cerebrospinal fluid of a dog. 

K = cerebrospinal fluid of a dog 5-20 minutes after an intravenous injection of boiled 
extract of duodenal mucous membrane. 

L = cerebrospinal fluid of a dog 20-60 minutes after an intravenous injection of boiled 
extract of duodenal mucous membrane. 

M = cerebrospinal fluid of a dog 60-00 minutes after an intravenous injection of boiled 
extract of duodenal mucous membrane. 

M’ = M previously digested with trypsin. 

The separate tracings are superimposed. 

Fig. 7. Isolated uterus of guinea-pig suspended in 80 c.c. oxygenated Ringer’s solution 
at 37°C, At the points indicated the various samples were added to the bath of 
Ringer’s solution, 32 and 3A in 2¢.c. doses, the remainder in 20 drop doses. 
Upstroke = contraction. 7 

1W, 14 and 12 =the water-, absolute aloohol- and ether-soluble constituents of 
normal cerebrospinal fluid of a dog. 

3W, 3A, and 3H = the water-, absolute alcohol- and ether-soluble constituents of the 
cerebrospinal fluid collected from the same dog 30-180 minutes after an intravenous 
injection of boiled extract of duodenal mucous membrane. 
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Exp. 3. Samples of c.s. fluid collected from a cat as follows: 
E—normal c.s. fluid. 
M—<c.s. fluid 15 minutes after ext. of duod. mucous membrane (intraven.). 


N ” 30 ” ” ” ” 
99 60 ” ” 
P ” 90 ” ” 


In 20 drop dose L produced no effect on the isolated uterus of a guines-pig, whilst » 
10 drop dose of O produced maximal contractions. 

Five drops of O injected into saline solution perfusing through a frog’s blood vessels 
produced a very decided constriction, whilst 20 drops of L were without effect. 


Exp. 4. Samples of o.s. fluid collected from a dog as «follows: 

Z—normal c.s. fluid. 

Y—o.s, fluid 30 mins. after ext. of duod. mucous membrane (intraven. ). 

x 60 ” ” 

120 

Z produced no effect. 

Six enucleated eyeballs of frogs were prepared and placed each in a separate capsule 
containing: 

Frog’s Ringer’s solution. 

Rabbit’s Ringer’s solution. 

Five per cent. pituitrin (P.D.) in frog’s Ringer’s slaide, 

Five per cent. Z in frog’s 4 Binger's solution: 

Five per cent. Y 

Five per cent. X ve 


stricted pupils whilst the pupils of 3, 5 and 6 were widely dilated. 


Exp. 5, Samples of c.s. fluid collected from a dog as follows: 

J—normal c.s. fluid. 

 K—e.s. fluid 0-20 minutes after boiled extract of duod. mucous m, (intraven.) 

L ” 20— 60 

N » 120-180 

Stach of these was divided into. two equal portions to one of which teypan 
was added (1 drop trypsin to 1 c.c. of c.s. fluid) and all were incubated at 37° C. for 
18 hours. Those samples to which trypsin was added were labelled J’, K’, etc. 

Tested on the isolated uterus M produced maximal contractions in five drop dose 
whilst M’ produced no effect in 10 drop dose. een 
with trypsin or not produced any effect in 10 drop doses. 

Exp. 6. Samples of 0.8. fluid collected from a dog as follows: 

I—normal c.s. fluid. 

2—0.s. fluid 0-30 mins. after boiled extract of duod. mucous m. (intraven.}. 

3 » 30-180 

Each of these samples was divided into three equal parts which were evaporated to 
dryness on a water-bath: one part of each was treated with water, one with absolute alcohol 
_ and one with ether, and labelled 1W, 14 and 12; 2W, 2A and 2B; 3W, 3A and 32 


respectively. These were again evaporated to dryness and each redissolved in Ringer's ‘ 


solution to the amount of the original volume of c.s. fluid. 
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PITUITARY SECRETION. 


Tested on the isolated uterus 3W produced maximal contractions in 10 drop dose, 


whilst none of the others produced any effect in 20 drop doses. In 2 c.c. doses both 34 
and 32 failed to produce any effect. 


These samples were also injected intravenously into a lactating cat, whose blood- 
pressure, urine flow and mammary secretion were recorded. 4.¢.c. of 3W produced a 
slight but absolutely distinct increase in blood-pressure, a marked increase in urine 
flow, and evoked a considerable flow of milk. None of the other samples produced any 
effect. 


Cushing and Goetsch(6) claimed to have demonstrated the 
presence of the active principles of the posterior lobe of the pituitary 
in the cerebrospinal fluid. Carlson and Martinis) however raised 
several objections to the results of Cushing and Goetsch, more 
particularly in that they (C. and G.) used pathological cerebrospinal 
fluid, in that they concentrated the fluid very strongly (from 50 c.c. to 
2:5 ¢.c.) and in that they injected the cerebrospinal fluid of one animal 
into an animal of different species. Whilst admitting that their failure 
to demonstrate the presence of pituitary active principles in the cerebro- 
spinal fluid does not necessarily negative its presence therein, Carlson 


and Martin express their opinion that the concentration of pituitary 


active principles should be high in the blood and low in the cerebro- 
spinal fluid. 

Whilst the normal cerebrospinal fluid of those animals which I have 
employed contains in minute quantities only any active principle 
similar to that evolved by the pituitary (2¢c.c. to 3c.c. of normal 
cerebrospinal fluid in 80 c.c. of Ringer’s solution are as a rule necessary 
to produce any effect on the most sensitive test organ—-the uterus of 
the guinea-pig), given a suitable hormone which will provoke the 
pituitary body to activity, the cerebrospinal fluid will under certain 
conditions yield an active principle which fulfils the usual tests for 
pituitary active principle and does not fulfil the tests for other known 
substances with actions similar to that of the active principle of the 
pituitary body. In carrying out these tests I have throughout made 
use of the obvious controls, e.g. when injecting cerebrospinal fluid into 
an animal I have also injected similar amounts of the serum of the 
animal from which the cerebrospinal fluid was obtained. Similarly 
when testing my fluids on the isolated uterus and on other test organs 
I have used as controls normal cerebrospinal fluid and other substances. 
Again I have given injections of duodenal extract to animals in which 
the pituitary had previously been destroyed (by cautery). In these 
cases no change could be demonstrated in the pressor activity of the 
cerebrospinal fluid collected before and after the injection. 
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D. cow. 


The fact that hyperactivity of the pituitary may be evoked equally 
by boiled or by unboiled extract of duodenal mucous membrane, both 
of course being filtered before injection, would suggest that the hormone 
is not nucleo-protein: and this is confirmed by the fact that various 
other animal extracts, more particularly orchitic extract, do not affect 
the pituitary in this way. | 

The fact that the cerebrospinal fluid as withdrawn from the sub- 
occipital cannula does not contain an increase in pressor substance 
until after the lapse of more than 30 minutes from the time of the 
injection of the hormone is, I think, explainable by the distance to be 
traversed by the cerebrospinal fluid on its journey from the neighbour- 
hood of the infundibulum to the suboccipital region, and to the fact 
that after the first gush, which takes place as soon as the puncture is 
made, the flow of cerebrospinal id is slow (1 drop in about 120 seconds 
is the average rate). 

The somewhat considerable variation in aenath of active principle 
in the different cerebrospinal fluids which I have examined is probably 
accounted for by a combination of various factors. Possibly some of the 
_ pituitaries were in a state of exhaustion or semi-exhaustion before the 
experiments were begun. The degree of activity of the hormones em- 
ployed to stimulate the pituitaries probably varied in different instances. 
In some cases any particular sample of cerebrospinal fluid may have 
consisted of fluid collected at a time when the pituitary was in full 
activity: in other cases the most active sample may have been diluted, 
before it reached the cannula, with cerebrospinal fluid secreted either — 
before or after the period of greatest pituitary activity. Again it is 
possible that in certain cases a degree of pituitary activity may be 
masked by a concurrent degree of activity of the secretion of the 
cerebrospinal fluid itself; in this way a considerable dilution might 
take place. There is no evidence that the hyperactivities of the two 

secretions go hand in hand. 
It does not follow of course, because the active principle of the 
pituitary is secreted into the cerebrospinal fluid, that it is not also 
secreted into the blood stream, though I believe that all attempts to 
demonstrate an excess of active principle in the internal jugular vein 
blood over carotid blood have failed.. It would seem more likely that 
the active principle, possibly secreted rapidly by the gland, is passed 
into the cerebrospinal fluid, so that its gradual diffusion from this 
fluid into the blood stream may allow of a gradual and prolonged rather 
than a sudden and short-lived action on the organs which it stimulates. 
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Work on this subject is being continued in this laboratory in an 
investigation of the action of other pituitary hormones. 


CoNCLUSIONS,, 


{ 


1. Certain definite channels of communication exist (in the cat at 
any rate) between the ventricular cavity in the infundibular stalk and 
spaces in the anterior lobe of the pituitary. 

2. Under certain conditions an active principle (or principles) is 
demonstrable in the cerebrospinal fluid, which principle fulfils every 
test for pituitary active principle that has been applied. 

3. The products of activity of the pituitary body are secreted into 
the cerebrospinal fluid. | 
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THE EFFECT OF VARIOUS MECHANICAL CON- 


DITIONS ON THE GASEOUS METABOLISM AND 
EFFICIENCY OF THE MAMMALIAN HEART. By 
©. LOVATT EVANS anp Y. MATSUOKA. 


(From the Institute of Physiology, University College, London.) 


THE experiments which are described here were commenced two years 
ago by one of us in continuation of a previously published paper, and 
have recently been taken up again by both of us. In the interim the 
work of Patterson, Piper and Starling(), which has thrown much 
light on the effect of various mechanical conditions on the work of the 
heart, has appeared, and has modified our point of view considerably. 
In the previous paper(2) the gaseous exchanges of the heart and 
lungs were studied in the heart-lung preparation, and these results, 
in so far as the respiratory quotient and other chemical relationships 
were concerned, have since been confirmed and extended. The state- 
ments made in that paper however now require some revision as 
regards the influence of various mechanical conditions on the gaseous 
exchanges, and especially on the efficiency of the heart. The most 
important of these is the effect of alteration of work by change of 
output, as well as by change of arterial pressure; only the results of 


the latter were dealt with, at the time of publication of the earlier 


paper; the great range of outputs which were easily possible was not 
then known. There are also new points to be added with regard to 
the influence of venous pressure and heart volume. 

Methods. The methods used were similar to those previously 


employed. The heart-lung preparation was prepared in the manner — 


described by Patterson and Starling@) with the exception that 
the warming spiral for blood was replaced by the inner tube of a double 
surface condenser, which being of thin glass had the combined advantages 
of more rapid and uniform heating of the blood by the warm water, of 
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diminished resistance to the passage of blood, and of diminished content. 
The first rendered it easier to maintain the blood inflow at a constant 
temperature—a most important point in gaseous metabolism experi- 
ments; the second effected a diminution of the minimum obtainable 
arterial resistance, so that we were able to obtain large outputs at low 
arterial pressures ; while the last diminished the volume of blood essential 
in the artificial circuit. Better results are obtained in metabolism 
experiments by reducing the volume of blood as much as possible, 
since the possibility of the tissue drawing extensively on the blood 
oxygen and less on the atmospheric oxygen in the lungs is restricted. 
The necessary volume of blood in circulation was further diminished 
by the employment of a longer and narrower venous reservoir (30 cm. 
x 9cm.). This was covered with felt in which a slot was cut to observe 
the blood level. If the heart dilated the blood level. in the reservoir 
was lowered and vice versa. It was therefore possible to observe the 
effect of rapidly altered mechanical conditions on the volume of the 
heart cavities by taking note of the immediate changes of blood level 
in the venous reservoir which resulted when the mechanical conditions 
were changed. Slower changes could not be followed with any accuracy 
owing to the constant slow leakage of blood away from the circulation 
both between the ligatures and by small but evident collaterals. This 
slow leakage was especially marked during _— when high arterial 
pressures were employed. | 

The gaseous metabolism was determined by means of the apparatus 
described in the earlier paper by one of us. Generally only the oxygen | 
usages have been determined; the carbon dioxide production is of less 
interest, but has been taken in a few cases, and the resulting respiratory 
quotient given. 

corrected for the metabolism of the lungs and blood. It has been 
shown by Evans and by Evans and Starling(4) that for each 
gram of heart the corresponding lung tissue uses 1 c.c. of oxygen per 
hour. The heart was therefore weighed (auricles and ventricles) and 
deduction for the lungs made accordingly from the observed metabolism 
of the preparation. From the oxygen consumption of the heart we can 
calculate its total energy usage; Voit, and more recently Benedict 
and Joslin), find that the calorific value of one gram of oxygen is 
8-4 cal. on the average. Hence if 1 cal. = 425 kilogram metres, 1 c.c. 
oxygen = 2:07 kgm. The oxygen figures are multiplied by 2-07 in 
order to obtain the energy usage in kilogram metres. The previous 
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value of 2:34 kgm. employed by Evans and that of 2-6 kgm. by 
Rohde are too high, and therefore give too low efficiency results. 

_ The amount of work done by the heart was found from measurements 
‘of the output and arterial pressure. That for output requires a slight 
correction for the coronary flow. : 

- In some of the experiments the venous pressure was determined 
by means of a water manometer connected with a cannula inserted 
into the inferior cava near to the right auricle. 


The calculation of the work done by the heart. 


The amount of work done by the heart in a given time can be found 
by the well-known formula 
W= 
where W = work done in kgm.; Q = volume of blood expelled in litres ; 
w= weight of blood in kilos; R= arterial resistance in metres of 
blood (#.e. arterial pressure in mm. Hg. x 0-013); V = velocity of blood 
at root of aorta in m.p. sec.; g = acceleration due to gravity = 9-8 m. 
‘The greater part of the expression is always QR, which gives the 


work done in expelling the blood. The expression tf represents the 


work done in imparting velocity to the blood expelled, and it has often 
been said that it is so small as to be negligible in comparison with the 
value of QR, less than 1°/, in fact. A consideration of the facts shows 
that this is only sometimes true, and that very often the velocity factor 
forms an important fraction of the total work. Since the value of 
the expression increases as the square of the velocity, and since the 
velocity increases (roughly) as the output, it follows that whereas 


QR varies directly as the output, e must vury as the cube of the 
output because it varies as the products of wand V2, i.e. as Q°. Thus 
if the output is increased ten times, the arterial pressure remaining the 
same, the product QR is also increased ten times, but “Sr is increased 
one thousand times. The output of the heart-lung preparation can 
readily be increased thirty-fold from a small initial output, e.g. from 
100 c.c. per minute to 3000c.c. per minute, and this leads to a 27,000-fold 


increase in the velocity factor, which absginndlay can be no =e negli- 
gible. The following examples will show this: 
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(a) Let the output be 100.0, per min. (6 litres per hour), and the arterial pressure 
100 mm. Hg. With a cannula of 5 mm, diameter in the innominate artery the velocity 
of the blood is 0-085 m. per sec. in passing the cannula. Thus we have 


W = (6 x 100 x -013) + 


= + 00223 kgm. per hour. 
The velocity factor in 0-029 *). of the whole work. 


(6) Let the output be 1500 0.0. per min. will be about 1°97 pec see. 
Let the arterial pressure remain constant; then 


W = (90 x 100 x 013) + PUP 


= 117 + 7-4 kgm. per hour. 
The velocity ‘factor is now nearly 6 °/, of the total work. 


The cannula which we used had a diameter of 5 mm. at its narrowest 
part and the greatest velocity of blood would be in passing this narrow 
point. In order to simplify the calculations of work done by the hearts 


- we made out a table for use with this cannula. The table is given 


below, and gives the values of oe for various outputs from 3 to 120 


litres per hour. In making the calculations we neglected the velocity 
factor in those cases where the output was less than 400 c.c. per min. 
(24 litres per hour), at which amount it has a value of -14 kgm. per hour. 


TaBLeE I. 
wV? 
| with differents outputs. 

Output Output elocity wy? 

3 0-042 00027 
100 6 0-085 00223 
200 12 0-169 018 
400 4 0-338 ‘14 
500 30 0-423 28 
600 36 0-51 48 
700 42 0-59 ‘15 
800 48 0-67 1-1 
900 54 0-76 16 
1000 60 0-845 2:19 

1100 66 0-93 24 

1200 2 1-02 3-83 

1300 78 1-1 482 

1400 84 1-18 6-02 

1500 90 1-27 

1600 96 1-35 8-95 

1700 102 1-44 108 

1800 108 1-52 12-8 

1900 14 1-61 15-2 
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Under normal conditions in vivo it is probable that the velocity 
factor is somewhat smaller with large outputs than it is here because of 
considerable distension of the aortic orifice and aorta, but in cases 
of aortic stenosis and arterio-sclerosis this physiological complication 
would be lacking or much reduced, compensation during exercise being 
rendered more difficult thereby. 


It is evident that the value of the velocity expression becomes — 


relatively greater in relation to QR the smaller the arterial pressure. 

Thus in the right ventricle, where, as Fiihner and Starling have shown, 

the pressure is about one-sixth of that on the left side, it forms a con- 
siderable proportion of the total work of the right side when the output 
is large, often amounting to 25-30°/, or more. We have allowed for 
the velocity factor on the right side as on the left, the two being taken 
as equal. 

The correction of output for coronary flow is made in siiliiaee with 
that found in the experiments of Starling and Evans(4), viz. as 60°, 
of the weight of the heart per minute. This only represents a mean 
value and is probably rather too small for most periods, and much too 
small when the arterial pressure is high and when the heart, by doing 
heavy work, is producing much metabolites. This is shown by the 


results of Exp. 1 (see Protocols at end of Paper), where the coronary 


flow was directly measured by collection of the coronary sinus blood 
- and subsequent calculation. Here the coronary flow amounts to as 
much as 212 °/, of the heart weight when the work of the heart is much 
1 


The arterial pressure taken for the calculation of QR was the mean 
pressure given by a mercury manometer connected with the side tube 
of the innominate cannula. The tension set up by the systole, i.e. 
the endocardiac pressure in the left ventricle, is about 20 or 30 mm. 
greater than this, but for the calculation of mechanical work done we 
require only to know the arterial resistance against which the blood 

volume is expelled. 

: The endocardiac pressure would i: a measure, though not a direct 
one, of the tension change in the muscle cells, i.e. of the energy liberated 
in systole. As a matter of fact the tension varies roughly as the endo- 
_ cardiac pressure and as the square of the radius of the heart cavities 
so that the endocardiac pressure would only be a measure of the tension 
if the volume of the heart were not altered. Even if the tension energy 


done would not be identical with the energy set free, since as pointed 


could be measured by the endocardiac pressure the mechanical work 
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out by A. V. Hill, some of it, or perhaps even the greater part of 
it, may be lost by conversion into heat unless it can be sisi converted 
into work. 

The pulmonary arterial pressure has been taken as aaah of 
the aortic, in accordance with the observations of Fiihner and 
Starling(6). The work on the right side of the heart was therefore 
equal to ee where R is the aortic pressure and where “/ is 
taken as the same as that on the Sys side, so that the total work of. 
both ventricles is | 

7.QR  wV? 


‘wie was the Shai used in calculating the inteheioiiaad work in our 


experiments. In these experiments Q represents the output corrected for 
coronary flow. The values of “ were got by doubling the syste in 


the last column, of Table I. 
It might be thought that the viscosity of the blood would be a 
factor that would need to be taken into consideration in estimating the 
work done. This is not the case however, although it is certainly an 
important factor in causing a difference between the energy liberated 
on contraction and the work which can be done by the contraction. 
Evans and Ogawai7) have shown that when the viscosity of the 
blood in the heart-lung circulation system is increased, the inflow into’ 
the right heart is diminished; the outflow is therefore lessened so that 
less mechanical work is done when it is expelled against the same 
arterial pressure, though it is not known whether the energy expended | 
to do the work is increased or diminished. It is certain however that 
if the inflow were kept constant by suitable adjustment when the 
viscosity was raised, the mechanical work done would be the same, 
while the energy expenditure would be increased since the endocardiac 
pressure would need to be higher—in other words, the mechanical 
cardiac efficiency is lowered by increase in the viscosity of the blood. 
If the blood had no viscosity at all, then the mechanical work done 
would be at its maximum and would be more nearly equal to the energy 
liberated by the contractile process, because the contents of the ventricle 
would be instantly expelled at the end of the isometric period and the 
tension energy developed would be more completely converted into 
work. The mechanical efficiency of a heart- working under such con- — 
ditions would be at a maximum; it would however not reach nearly 
25—2 
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100°, since all of the chemical potential energy would not necessarily 
be siareeie’ into tension energy if the whole cardiac cycle be taken 
into account. 

Patterson, Piper and Starling find that when the work of the heart is increased 


by augmented output, or more especially by rise of arterial pressure, the duration of 


systole is increased quite appreciably. The rate of rise of pressure in the presphygmic 
interval is likewise increased with high pressures, and calculation from their results 


indicates that the total duration of the isometric phase is not altered, so that the alteration _ 


is mainly in the period of expulsion. We suggest that the blood viscosity is a factor at 


work in prolonging this phase of the cardiac cycle, though we do not pretend that it is 


of first importance, 


Weiss(8) has quite correctly pointed out that what we require to 
know is not merely the work done but the total effort made by the 
heart, what he calls the “static effort” as well as the “dynamic effort.” 
The sum of these two would give us the total amount of tension energy 
set free. He indicates that the static effort is in direct relation to the 
area of the intraventricular pressure curve, but at the present stage 
of our work we can see no hope of investigating this side of the question 
with any accuracy. Rohde(9), it is true, has said that the energy 
usage of the heart is related only to the number of beats and to the 
tension set up under isometric conditions, but it is not easy to apply 
these results to the heart beating under normal conditions with execu- 
tion of mechanical work. 


- The effect of alteration of arterial pressure. 


Some experiments of this kind have been already published by one 
of us, but the experiments here given are more complete, and have been 
undertaken with a different object in view. Our present aim has been 
not only to show what are the effects of increased arterial pressure, 
but also to obtain results which would enable a comparison to be made 
between the effects of altered pressure and altered output. The arterial 
pressure was, as far as obtainable in practice, the only variable in these 
experiments; the output was as nearly constant as could be arranged : 
in some cases the conditions of inflow were kept uniform in order to 


ensure constancy of the total output including the coronary circulation, — 
as shown by Markwalder and Starling(@o). Exps. 2 and 3 were 


carried out in this way; in the other experiments no special precautions 
were taken to keep the level of the blood in the venous reservoir con- 
stant,-though it probably did not alter more than one or two centi- 
metres, while the other inflow conditions were not adjusted in any way; 
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the output was here measured in each case and the same allowance 
made for coronary circulation in all of them. This method gives some- 
what too low results for output and efficiency at high pressures, since 
the coronary flow is variable with the arterial pressure, as Markwalder 
and Starling showed. In the example which we gave in Exp. 1 the 
coronary flow was increased more than fourfold, the difference amounting 
to nearly 5 litres per hour, though no allowance can be made for that 
difference here since we cannot directly measure the coronary flow, 
nor know the extent of its variation. The results of Exps. 2 to 4 (see 
Protocols) are typical of the kind of results obtained. We have not been 
able to investigate the effects of such high pressures as might be desirable, 
owing to the ease with which lung cedema comes on at high pressures ; 
we have however been able to reach 170 mm. and maintain it for a 
sufficient length of time to enable an observation to be taken (Exp. 3). 

The mechanical work done by the heart when the output is constant 
is proportional to the arterial pressure, and the oxygen consumption 
also increases with the pressure, as is well seen in Fig. 1 (Exp. 2). Most 
of the experimental results give similar curves when plotted. Some- 
times the concavity of the curve is upwards, sometimes downwards, 
the latter being usually the case when the heart is in good condition. 
In either case the gaseous metabolism seems to tend sooner or later to 
&@ maximum, beyond which the heart tends to fail from inability to 
sustain further pressure. All the experiments of which we now speak 
were made with the pericardium intact, so that the diastolic volume 
could not pass a certain limit; this has an effect on the mechanical 
conditions and gaseous metabolism, as will be shown later. 

The most interesting results of these experiments are those which 
give the efficiency values. 

The mechanical efficiency figure, as already pointed out, is a measure 
of the completeness with which the energy expended in the muscle 
fibres is turned into mechanical work. In the case of skeletal muscle 
it has been proved by A. V. Hill) that the tension produced on 
contraction bears a constant relation to the energy expenditure. There — 
is no reason for thinking that cardiac muscle differs from skeletal 
muscle in this respect. Starling, Patterson and Piper found 
that with increase of arterial pressure besides an elongation of the 
muscle fibres there was an increase in the duration of the systole, this 
being occupied apparently by a prolonged period of expulsion during 
which the endocardiac pressure rose to a maximum. One result of 
the increased duration of systole seemed to be that the tension change 
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was more completely converted into arterial pressure since their figures 
show a smaller difference between maximal endocardiac pressure and 
arterial pressure at high than at low arterial tensions. On the other 
hand, there was but little difference in the duration of the isometric 
phase in their experiments at high and low pressures. The net result 
of these altered conditions, as judged by our gaseous metabolism 
experiments, is at first an increase in mechanical efficiency with increase 
of arterial pressure, as may be seen from Fig. 1 (Exp. 2). We may 


300 


40 


Fig. 1 (Exp. 2). Relation between work done and oxygen usage and mechanical efficiency _ 
with variable arterial pressures. Oxygen usage c.c, per hour = continuous line. 
Percentage efficiency = dotted line. The arterial pressures are indicated on the 
oxygen graph 


assume that as a result of its increased length the cardiac muscle fibre 
sets free more energy on contraction and uses proportionately more — 
oxygen in its recovery process, just as a skeletal muscle produces more | 
heat and tension on isometric contraction as its initial length is increased 
(Evans and Hilla2)). The heart during the early part of its 
contraction is also under isometric conditions, and we believe our 
results to be in agreement with the assumption that it is during this 
first part of the systole that the whole of the chemical changes leading 
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to tension developments are consummated, the time of maintenance 
of a high endocardiac pressure not influencing the energy usage. When 
the arterial pressure is raised we have therefore two results. Firstly, — 
the fibres elongate in order to be able to develop more tension—hence 


an increase in oxygen usage. Secondly, owing to the increased duration 


of systole there is a more complete conversion of tension energy into 


work and hence greater efficiency. If it were otherwise we should 


expect the efficiency to be lowered with rise of pressure. As a matter 
of fact, it does appear to fall off somewhat at high pressures, as is seen 
in Exp. 5 (Fig. 2). This would be explainable as due to an actual 
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arterial pressure. The oxygen used steadily increases, while the efficiency attains 

_ @ maximum and then declines a little. ST 
oxygen curve, 


diminution of the efficiency of the individual fibres owing to dilatation, 
_a@ high energy expenditure being insufficient to set up the requisite 


tension in the fibres, and the duration of systole possibly being too 
brief for its development and conversion into work under ” new 
conditions. 

The conditions of tension production on isometric contraction in the 
slowly beating heart of the tortoise have recently been investigated by 
Kozawai3). He finds that with increasing length of fibre there is 
at first an increase but on further distension a diminution in the pressure 


_ produced. Since the pressure produced varies approximately in the | 
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inversé ratio to the square of the radius of the heart, such diminution 
of endocardiac pressure at. increased volume does not necessarily mean 
that there is a diminution of tension production such as occurs in volun- 
tary muscle. In the latter case Evans and Hill found that there was 
also a diminished heat production. We can find no such evidence of 


diminished metabolism in the mammalian heart, perhaps because it is — 


only to be obtained under strictly isometric conditions and with such 


elongations as are not attainable with the mammalian heart, or perhaps — 


because cardiac muscle does not show this phenomenon. 


The results of gaseous metabolism experiments also give information — 


with regard to the occurrence of fatigue in heart muscle. Such fatigue 
is of course always only relative, and is seen by lowered efficiency when 
a high pressure is maintained, or when the pressure is restored to a 
low level, the efficiency is found to be lower if fatigue is present, than 
it was in a previous period at corresponding pressure. Not all hearts 
. show fatigue equally; thus in Exp. 2 there is little evidence of it, and 
Exp. 3 even shows an improvement, whereas in Exps. 4 and 6 there 
is an indication of some degree of fatigue. In Exp. 5, on the other 


hand, lowering of pressure in the 3 and 4 periods leads to increased . 


efficiency in the fifth period, when the original pressure was established. 
_ The respiratory quotient in those cases where it was determined 
shows considerable variation, as might be expected from the changing 
mechanical conditions. The general tendency is for there to be a fall 
of quotient with any circumstance causing an increase in the oxygen 
usage of the heart, and vice versa, and an explanation may be sought 
along the lines indicated by Evans and Ogawavi4) for the case where 
the heart’s metabolism is accelerated by adrenalin. According to this 
explanation, the phenomenon is due to the fact that time is required 
to carry out the oxidative processes to completion, so that the production 
of carbon dioxide lags behind the oxygen intake and thus causes a 
temporarily lowered quotient with increased oxygen consumption and 


vice versa. but is also 


2. 


The effect of alteration of output. 


_ When the rate of inflow of blood to the heart is altered, the output 
alters, within very wide limits, by the same amount. The work done 
at different outputs is roughly proportional to the output in each case. 
The volume of blood which the heart can expel in unit time can be varied 
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over a greater range than the pressure; thus a twenty or thirty-fold 
increase from a minimal output is often possible, whereas pressure can 
only be raised about five-fold from its minimum of 30 or 40 mm. 
Exps. 7, 8 and 9 were made by maintaining pressure and temperature 
constant, with varying rates of output. The results given below show 
that the increased output results in increased gaseous metabolism of 
the heart tissue. The increase of oxygen usage is not proportional to 
the increase in the work done, but is rather less, so that the graph 
relating gaseous metabolism to work done does not rise very steeply 
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Fig. 3 (Exp. 7). Effect of varied output on oxygen usage (continuous line) and efficiency 


(mean values). ° 


(Fig. 3). The efficiency values therefore increase noniniicadiy at first 
with incredsing outputs; thus in Exp. 7 it rises from 3-2°/, at about 
10 litres per hour to 11-5°/, at 52 litres per hour, and in Exp. 8 from 
38-25%, at 6-4 litres per hour to 13-3, at 53-4 litres per hour, while in 
Exp. 9 it reached 16°/, with an output of 70-8 litres per hour. The 
increase of work is therefore very economically done. But beyond 
a certain limit the oxygen usage increases more rapidly and the efficiency 
curve now becomes markedly convex to the abscissa; additional work — 
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is now done less economically, so that the efficiency values fall again, 


as shown in Fig. 3. In Exp. 7, for example, the efficiency fell from 
11-5 %/y at 52 litres per hour to 9-4, at 92 litres per hour; similarly in 
Exp. 9 the efficiency at 91-4 litres per hour output was the same as 
that at only 29-7 litres per hour, namely, 11-7 °/, average. 

When we look for a physiological explanation of these phenomena 


we must again refer to the work of Patterson, Piper and Starling, 


who have shown that an increase in output at constant arterial pressure 


results in an incréase in the maximal endocardiac pressure, i.e. in the — 


tension developed in the contracted fibres, as well as an increase in 


both systolic and diastolic cardiac volumes, 4.e. in the length of the — 


muscle cells. Their experiments show that the heart responds to the 
call for extra work by such lengthening of its fibres and the elongated 
fibres, as in the case of skeletal muscle, develop more tension during 


the isometric phase. The present experiments show that there is a 


further resemblance to skeletal muscle in the utilisation of more energy 
by the elongated fibres and in the form of the efficiency curve which 
shows an increase up to a certain limit, beyond which it falls away 


The fact that the heart is able to work better over wider ranges of 
output than of arterial pressure would lead us to expect that indications 
of fatigue should be less easy to find in the former case than in the latter. 


_ As judged by the criterion expressed in the previous section, there is 


in fact little definite evidence of fatigue to be found in the experiments 
under discussion. Sometimes, as in Exp. 7, there is evidence that 
the heart is even more efficient at the close of a prolonged period than 
at its commencement; thus from periods 4 to 6 and from 9 to 10 there 


_ is slight improvement, while in 7 and 8 there is a slight fall in efficiency. 


Exp. 9 shows variability in the efficiency which probably corresponds 
with alterations in the state of the heart through some undetermined 
causes, In the last two periods at the output of 91-4 litres the falling 
away in efficiency is probably due to fatigue. The onset of fatigue 


Starling to present itself as a dilatation or loss of tone of the heart. 


to enable them to do the mechanical work which they could previously 
perform at a shorter length. When the fibres elongate it is necessary 


with an increased volume of heart. Still greater lengthening is there- 
fore necessary than would suffice if the tension change which previously 


phenomena in the heart has been shown by Patterson, Piper and 


After hard and prolonged work the fibres usually elongate sufficiently 


for more tension to be produced in order to produce a given pressure — 
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prevailed were adequate to carry out a given amount of work, so that 


@ vicious circle tends to be established. At this greater length they 
also necessarily use up more potential chemical energy just as skeletal 
muscle does. The variable efficiencies found in the above experiments 
correspond to fluctuations in the “tonus” of the heart muscle, and this 
in its turn is very probably due to variations in the adequacy of the 


coronary supply. The rise in efficiency which occurs frequently when 


the work is kept raised for successive periods is exactly in accordance 
with the demonstration by Patterson, Piper and Starling, that 
on increasing the work the heart first dilates and then partially 


recovers. In’ cases where the arterial pressure and output are both 


low, the coronary supply is often inadequate, even although it may 
not be as low as to cause the heart to fail; in this case there is a pro- 
gressive dilatation and a steady fall in efficiency. It is likely that some 
of the earlier results obtained by Evans, where the oxygen usage 
steadily increased in the course of prolonged experiments, are to be 
explained in this way as due to increasing loss of cardiac tone. 

With regard to the possible influence which the increased endocardiac 
pressure accompanying increased output at constant arterial pressure 


has upon the gaseous exchanges, we are of the opinion that the pheno- 


menon is of an incidental nature and has no direct effect on the energy 
used. It is in fact a simple mechanical consequence of the increased 


‘output, which necessitates a greater tension development. It is the 


result and not the cause of the increased expenditure of energy. 


_ Starling and his collaborators found that there was no great pro- 


longation of the contracted state here such as was observed with 
increase of arterial] pressure; the primary factor is the increase in the 
length of the fibres and the increase of endocardiac pressure is a 
necessary consequence, 


and altered output. 


In the same heart it is easy to study successively the effect of altered 


output and altered pressure, the other factor being kept constant in 


each case. 3 
Exp. 10 is an example of such an experiment. As previously stated, 


it is not possible, under the conditions of experiment, nor in all proba- 


bility under natural conditions either, to alter the arterial pressure 
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that very low pressures result in imperfect blood supply to the heart. 
It is particularly difficult to obtain low pressures unless the output is 
also low. This is because even if we are able to maintain the heart 
with a pressure of say 15mm. Hg. and a low output, the pressure 


immediately rises when the output is increased. In order to maintain : 


a constant low pressure it is essential that there shall be a reserve of 


arterial resistance in hand, which we can reduce when the output is 


raised. It was found more expedient in the present case to carry out 
the variations of output at pressures sufficiently high to ensure this 
margin of reserve, say at 80 mm. Hg. High outputs are not compatible 
with very low arterial pressures in these experiments, and the same is 
true of the intact heart. The converse also holds true in both conditions. 


| | 
Fig. 4 (Exp. 10). Effect of alteration of arterial pressure (P) and of output (V) on the 


oxygen usage (continuous line) and efficiency (dotted line) of the heart. The pressure 
‘in mm. and the output in L. per hr, are indicated on the respective curves. 


Experiment shows that a given increment of work is more efficiently 
done when it is brought about by raising the output than when it results 
from increased arterial pressure. The curves relating oxygen usage 
to work done therefore have different slopes, the curve for alteration 
of pressure sloping the more steeply (Fig. 4). Similarly efficiencies are 
higher for increase of output than for like augmentation of work by 
increased pressure. Thus in Exp. 10 a three-fold increase of pressure 
(periods 7 and 10) increased the efficiency from 5-1, to 85%, and a 
four-fold rise actually lowered the efficiency again to 7-8%/,, whereas 
(periods 2 and 3) a two-fold rise of output caused a rise of efficiency 
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from 7-1 °/, to 12-7 °/, and a four to five-fold increase further raised it 
to 17-8°/, (periods 5 and 6). 

These results are in accordance with those of the two previous 
sections on each change separately, and the explanation is to be sought 
along the lines there indicated. We may assume that the diastolic 


volume of the heart is not increased so much in order to produce a 


given increment of work by increase of output as to produce the same 
increment by increase in arterial pressure. This brings our observations 
on the heart into line with those of A. V. Hill on skeletal muscle. In 
both cases there is a relation between the tension set up on contraction 
and the metabolism of the contractile tissue. The case of a heart 
working against high pressure is somewhat like that of a muscle con- 
tracting against a strong spring, 7.e. it more nearly approaches to 
isometric conditions, while the ventricle with a high systolic output is 
comparable to a muscle executing considerable shortening against a 
weak spring, i.e. it is more nearly isotonic. The tension developed is 


greater in the former case. The tension is more completely converted 


into work in the latter case. | 

The conditions under which the heart works in situ in the, body 
are jin accordance with these results. Increased cardiac work, as in 
muscular exercise, usually means a moderate increase of arterial pressure 
(not usually exceeding 50°/,) and a largely increased output (up to 
500 °/,).. This is easily done, and even if often repeated does not 
necessarily lead to marked dilatation or hypertrophy of the myocardium. 
With this we may contrast the extreme hypertrophy seen in cases of 
aortic stenosis and arterial hypertension and the acute dilatation met 
with in those of sedentary habits who take unwonted exercise and in 


whom the vasomotor mechanism is unable to accommodate the extra 
‘output so that abnormal rise of arterial pressure follows. 


The effect of simultaneous alterations of pressure and output. 


It has been shown that there are optimal conditions of both pressure 
and output at which the cardiac efficiency reaches maximal values. 
We should naturally expect from this that there would be optimal 
values when the two are increased simultaneously and that the maximal 
efficiency thus obtained would be higher than that reached when either 
factor was augmented singly. Of the possible combinations of altera- 
tions of pressure and output, we have already studied those in which 
one factor is high and the other low, and have learned that lower 
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efficiencies are to be obtained in those cases where the pressure is high 
and the output low than when the reversed conditions hold. 

When output and pressure are raised simultaneously and early in 
the experiment the efficiencies often reach relatively high values, 
nearly 20%, in some cases. This is well seen in Exps. 11 and 12. There 
is however an optimum beyond which further increases lead to a diminu- 
tion in the efficiency, as in Exps. 12 and 14. In other cases the efficiency 
never reaches a very high level; this may be due to a bad initial condition 
of the heart (Exp. 13) or to fatigue. It is especially easy to demonstrate 
the occurrence of fatigue in experiments of this type. Exp. 15 is a good 
example; the mechanical conditions in the sixth and seventh periods 
approximated to those in the third and fourth, yet the efficiency is 
very much lower; on raising the pressure and inflow to the same as in 
period 5 the heart became extremely dilated, the venous pressure rose 
rapidly, showing a falling off of output, and the efficiency was now 
reduced to 4-7°/,—the heart was pathologically dilated and tncapeble 
of doing the work set before it. 

It was not found possible to determine any optimal conditions 
which were generally applicable to all dogs’ hearts; each heart seems 
to have its own optima for pressure and output. But for the reasons 
already stated the maximal efficiency cannot be got with very high 
arterial pressures. Roughly speaking, we can expect to get the greatest 
efficiency by raising the pressure to 100-140 mm. Hg. and then increasing _ 
the output to the highest value that can be got without increasing the 
venous pressure very greatly. Examples are Exp. 10, periods 5 and 6, 
and Exp. 14, periods 5 and 6. In Exp. 15 it is clear that the heart was 
incapable of dealing with very high outputs efficiently at high pressures, 
since the venous pressure rose from 60 mm. H,O in period 4 to 210 mm. - 
in the following period as a result of increasing arterial pressure to double 
and raising the output slightly—hence the lower efficiencies in this 
experiment. 

In the earlier experiments of Evans, the mechanical efficiencies 
obtained were much lower than those we now find, but we are now able 
to explain these low figures. They are due (ji) chiefly to the small 
outputs which were used then, (ii) to the onset of fatigue resulting from 
too high arterial pressures with insufficient output, (iii) to the use of 
rather high coefficients for calculating the caloric value of the oxygen 
‘consumed, (iv) to the fact. that the coronary circulation was not allowed. 
for. The suggestion that the mechanical conditions in the heart 
preclude the attainment of such high efficiencies as may be obtained 
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“In this way. We do not think that such methods of calculation are 


done is small is an interesting physiological point. The heart is liberating 


_ of its substance is non-muscular, whereas in dogs the heart consists chiefly of muscle, The 
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with skeletal muscle we believe still to hold good—cardiac muscle 
acts at a considerable disadvantage as compared with most skeletal 
muscles. 

_ The highest efficiency yet reached in any of these experiments is 
19-7 °/, (Exp. 11)!; this is of course by calculating, in the usual manner, 
on the total metabolism of the heart. Some writers have used a different 
method of calculation by subtracting the work done and energy used 
at high from those at low work. Rohde bases his calculations on 
determinations of the basal metabolism of a heart brought to rest by 
calcium lack. Such methods naturally give higher efficiency values; 
thus Exp. 12, periods 1 and 2, would give an efficiency value of 41 °/, 


legitimate or helpful. 
The fact that the efficiency is so low under conditions where the as 


energy in excess of its immediate (subnormal) requirements; if now it 
is suddenly called on to do more work it can immediately respond without _ 
very much increase in its metabolism. Ifit were unable to do this, failure 
would be inevitable. 

The fact must not be lost sight of that in these aie the 
heart is free from nervous control and is therefore beating much more 
rapidly than when in siu, so that its efficiency is proportionately less. 
The acceleration which occurs when exercise is taken would under 
normal conditions enable the heart to deal with larger outputs, and 
this would probably raise the efficiency or at all events prevent it from 
being so low as it would be if there were acceleration without augmented 


The oxygen requirement of the human heart. 


The oxygen usage of the heart has often been estimated, on rather 
insufficient data, to be about 4 or 5°/, of that of the whole body at 
rest. Unpublished experiments by Evans and Moorhouse indicate 
that for the dog this value is about right. The oxygen usage of the heart 
of the dog under conditions approximately to those of bodily rest were _ 
found as a mean of 51 experiments by Evans and Starling(5) to be 
3-24 c.c. per gram per hour. Taking the weight of the human heart at 
200 grams* and assuming its gram per hour metabolism to be the same 


_ 1 The high value in the last period of Exp. 10, viz. 26-3 °/,, is not regarded as reliable. 
_* The measurements of the weights of human hearts by Lewis(1e) shows that much 
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as in the dog, the human heart should use about 10-5 c.c. of oxygen 
per minute under conditions of rest. This amount is about 3-0°/, of 
350 c.c., which may be taken as a fair average for the minute oxygen 
usage by the whole body. Our present experiments indicate that under 
conditions of exercise the oxygen usage of the heart may be increased 
at least three times, 7.¢. it may easily reach 30 c.c. per minute in man. 


The relation between gaseous metabolism, heart volume, 

In many cases there is a close relationship between the gaseous 
metabolism of the heart and the venous pressure as measured in the 
inferior cava. Exp. 10 shows this very clearly (Fig. 5), and several experi- 
ments showing a fairly close relation between the two are given in various 
parts of this paper (Exps. 14-16). In other cases the relationship is 
not so constant. According to Patterson, Piper and Starling the 
factor determining the amount of energy liberated is the heart volume, 
1.6. the length of the individual fibres. Although the venous pressure 
in most cases varies directly with this, it does not necessarily do so. In 


order to investigate the relation between the gaseous metabolism and © 


the volume of the heart we adopted the method of observing the change 
in level of the blood in the reservoir when the mechanical cgnditions 
were altered; the method is only a rough one and has certain inac- 
curacies. The chief of these are that in the first place it only enables 
us to determine a sudden change of volume, and in the second place 
it gives rather too high readings for the increase in volume accompanying 
increased output owing to the increased capacity of the lung capillaries 
under this condition. 

Nevertheless the method was more practicable than cardiometric 
observations for our experiments. Exps. 15-18 are examples of the 
results obtained. These experiments show that as the work of the heart 
is increased the mean volume of blood in it and (usually) the venous 
pressure augment also. But as in the graphic experiments of 
Starling, Patterson and Piper, the volume of the heart is a much 
bettex,indication of the energy being set free than is the venous pressure. 


_ This is especially well seen in those experiments where the pericardium 


is opened in the course of the observations. In Exp. 16 the pericardium 


weight of the two ventricles and septum in normal human hearts was found by Lewis 
to be about 150 grams when freed from non-muscular structures. In the above calculation 


non-musculaf tissues. 
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_ Was removed at the commencement of the experiment, and even here 
there is a closer relationship between oxygen usage and volume than 
between oxygen use and venous pressure, since in the earlier periods 

. the venous pressure did not alter much. When the pericardium is 
opened during an experiment there results a fall in the venous pressure 
(Exp. 18) provided it is not already very low (Exp. 17). At the same 
time there is a dilatation of the heart and an increase in output if the 
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5 (Exp. 10). the which is frequently present between 
oxygen usage and venous pressure. : 


inflow conditions are unaltered and there is an increase in the oxygen 
I usage of the heart. This is well seen in Exps. 14 and 18 (and Fig. 6). 
if The length of the cardiac cells would increase as the surface of the 
heart, #.e. as the square root of the volume change and not directly as 
_ the volume. In Fig. 6 the square roots of the volume changes have 
ie accordingly been plotted instead of the volumes. My 
ZZ. Here then we have clear proof that the factor determining the 
- energy usage of the heart is its volume; the venous pressure is an 
XLIx. 26 
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incidental phenomenon related to the rate and extent of the diastolic 

the heart. When we remove it, the filling is facilitated, so that with — 
constant inflow conditions there will be an increase in output and a 
fall of venous pressure. These changes will be the more pronounced 
the more nearly the previous output with intact pericardium approached 


Fig. 6 (Exp. 14). Relation of oxygen usage to venods pressure and to the square root 
of the volume change of the heart. At p the pericardium was opened ; oxygen usage 
and volume of heart increased while venous pressure fell. | 


@ maximal value. The increase of work obtained under these conditions 
however is not usually economically done; the heart volume has now 
increased beyond its physiological limits and there is always a danger 
of irrecoverable dilatation. Thus in Exp. 17 the removal of the peri- 
cardium with a moderate output led to increased efficiency and to 
no appreciable change of heart volume or venous pressure; when the — 
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output was raised the efficiency and the venous pressure were lower 
than at the same output with intact pericardium, while the heart 
volume was much increased. 
Some of these experiments have clinical interest in connection with 
pericardial effusions. With a chronic pericardial effusion the pericar- 


dium steadily distends and its capacity increases without there being 


necessarily great cardiac embarrassment. If now the fluid is removed 
by tapping we have an enlarged pericardium which will be no longer 
able to confine the heart within physiological limits. Acute dilatation 
would therefore be extremely likely to follow. — 
~ When on the other hand the effusion is rapid as in hemopericardium. 
due to rupture of a vessel in the pericardium or on the heart surface, 
the. pericardium cannot accommodate itself to the volume of fluid 
within it and the diastolic filling of the heart is seriously hampered. In 
experiment 20 such a condition of hwmopericardium was -obtained 
experimentally as the result of an accident. 
We have already indicated that as the heart becomes exhatisted 
its volume increases and its gaseous metabolism is increased. Supposing 
now that the heart ultimately fails, how does its gaseous metabolism 


- behave? The answer is that the heart may fail in one of two ways, 


and that the gaseous metabolism will be influenced by the mode of 


- failure. The first method of failure is that the heart. is confronted 


with work which is too great for it, it dilates maximally and ceases to 
expel its contents, thereby dying of asphyxia; if we reduce the inflow 
or pressure and empty the heart by massage or by drawing blood from 
veins before it succumbs it will resume work. There is every reason 
to suppose that in such a case the energy usage of the heart is maximal _ 


. until it is asphyxiated. There is no slowing until asphyxial symptoms 


set in in the heart tissue. Exp. 14, which was terminated by lung 
cedema, is a case of such threatened failure; the dilatation was facilitated 
by the removal of the pericardium in the seventh period. The result 
of one of our experiments suggests. that there is a second method of 
failure, viz. by exhaustion, in other words by failure of its metabolic 

Such a heart shows a progressive slowing of rate as a characteristic 
feature. Here naturally the heart fails and therefore dilates because 
of a diminution in its metabolic processes. Exp. 19 is an example 


_ "2 This is of course the terminal condition in the other mode of failure if the condition 
of stress is not relieved sufficiently early. We speak now of a primary failure. 
| | 26—2 
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‘of this method of failure, which is very rare under experimental condi- 


tions. The heart had previously been given very heavy work, which 
it- had ceed done. 


Concustons. 


1. In claiiea the work of the heart, the velocity factor wVt 


2g 
must be allowed for when the stan tg is high, as it drs be more than 


5°), of the total work. 


2. When the arterial pressure is raised the gaseous metabolism is — 


increased. The mechanical efficiency of the heart is thereby raised up 
to a certain limit, beyond which it diminishes again. 
3. When the output of the heart is increased, the gaseous metabolism 


is markedly increased up to a certain maximum, falling off again with 


further increase of output. 


4, Increase of output is more economically performed than a _ 


comparable i increase of pressure. The maximal mechanical efficiency 
is about 20°/, and is obtained by moderate increase of both output 
and pressure. 

5. Fatigue phenomena are seen in a lowered cess gl 
cardiac dilatation. 


6. There is usually demonstrable a parallel between the oxygen 


usage of the heart and the heart volume, i.e. the length of the cardiac 
fibres, just as there is, as shown by Patterson, Piper and Starling, 


_@ close parallel between cardiac work and volume. Usually the venous 


pressure also runs parallel to the oxygen usage, but this is not always the 
case. The most striking exception to this is seen in the effect of removal 


of the pericardium while the heart is doing considerable work when © 


volume and oxygen usage increase and venous pressure diminishes. 


7. When the heart fails it is in our experimental condition usually — 


because, in spite of high expenditure, it is unable to perform the 
excessive work offered it. But it may fail from the exhaustion, ¢.c. a 


lowering of its metabolism; a phenomenon of such failure is that it 


commences by a retardation i mn the pulse rate. 


| Th wr in part dated oto gant by the Goverment 
Grants Committee of the Royal Society to one of us.—C.: L. E. 
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: PROTOCOLS. 
All the experiments were made on dogs. — 
Exe. 1. Heart 55 grams. Temp. 36°C. Periods of 20 min. Cannula in coronary 


ig 


] 

2 80 244 168 S47 209 8-6 22-5 123 
«80 83- 131 271 £100 37 156 71 
4 
5 


bo 


- Exp, 2. Heart 57 grams. Temp. of blood 37°C. Constant inflow conditions. Out- 


put at 40 mm. Hg. = 4850.¢. per min. 


mye 
1 42 239 496 20-2. 4-07 84 
260 538 33-5 6-24 14 
3 100 rt 325 673 47-6 7-07 78 
4 130 375 115 61-3 7-9 7 
371 768 47-6 6-2 18 
é 296 613 33-5 5-47 19 
wi 229 415 20-2 4-25 
8° 70 ne 266 550 33-5 6-08 -69 
9 100 335 695 GBS 13 
10 «130 367 759 61-3 


“3 In the curves given in the text plotted from this and other experiments, mean values 
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Expr. 3. Heart 71-5 grams. Temp. of blood 37°C. Output at 50 mm. pressure 
= 540 c.c per min. 
16 mins. 


$5'1 214 27-6 6-25 86 
998-5 «472 43-6 795 
110 282-5 ‘584 59-5 10-2* 
4 140 4045 839 "67° 64 
396-5 92-1 1 
6 140 3180 658 157 115 165 


* Mean of periods 4 and 6 = 10-3 °/,. 

t Output proebly diminished at high prewar, wo that 11:3, ficiency was 
all probability not reached. 

Expr. 4. Heart 32-5 grams. Temp. 37°C. Pulse rate 143 per min Periods 20 min., 
except last four, which were 15 min. 


1 40 30-2 . 180 372 18-9 5-2 1-28 
2 40 30-2 181 373 18-9 52 1-06 
3 60 30-2 195 28-1 70 0-88 
4 80 30-2 213 440 - 37:3 8-5* 0-78 
5 80 30-2 483 37:3 7-7* 0-94 
6 100 30-2 273 564 2 0-76 
7 120 25-0 263 543 45:7 oe 0-77 
8 120 30-2 275 55-5 

29-4 211 4-2 0-91 

* Mean 81 t Mean 9-1. 
6, Heart 165 grams Temp. 34°C. Pulse rate. 134-150. 
Venous 

1 288 21-1 7:3 
2 290 20-5 71 42 
3 213 11-9 35 

a 168 11-7 7-0 36 

245 20-4 8-3* 36 
6 362 30-7 8-5* 50 
7 356 30-7 8-6* 
8 518 7-9* 80-103 


Exp, 6. Heart 53 grams, Temp. 30°C. Periods of 15 mins, Pulse rate 83-84. 


60 13-9 180 12-7 71 
2 120 12-9 120 ©6248 23-5 9-5 6 
3 £180 115 238 11-9 BO 5 
Ext. 7, Heart ‘59 grams. Temp. 36-5°. Arterial pressure 80 mm. Hg. Periods of 
15 mins. Pulse rate 143-146. | ; 
1 80 10-1 201 415 12-3 30 — 
2 9-3 155 321 11-3 3-5 
3 9-6 181 3765 11-7 3-1 
4 16-6 212 437 4-6 
5 — 16-2 189 392 19-6 5-0 — 
6 16-2 155 321 19-6 6-1 
7 27-8 207 427 8-0 
‘8 27-8. - 217 448 76 
9 "52-0 297 614 65-6 10-7 
92-0 649 126-3 — 
12 — 16-4 176 363 19-3 5-3 baie 
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Exp. 8. Heart 26 grams. Temp. 37° C. Poriods 
15 mins., except a which was 10 mins. Pulse rate 172-181. 
1 80 6-4 114 «236 78 33 
64 -118 244 7-8 3-2 
18-9 23-0 83 
5 53-4 247 ‘609 67:9 13-3 
Exp. 9. Heart eart 42 grams. £0 mn. Hg. 
15 mins, exce which was 10 mins. Pulse rate 131-143. 
14-6 94 195 17-7 91 
29-7 156 323 36-6 11-3 
‘ 29-7 122 252 36-6 
5 — 29-7 178 369 366 ° 99 fai 
42-3 196 406 53-1 13-1 
423 426 53-1 125 
a — 70-8 278 578 92-2 16-0 _ 
458 950 129 132 
Exr. 10, Heart 46-5 grams. Temp. 34°. Periods of 15 mins, 3 
8 40 16-9 92 10-3 1 
Hh. 120 168 173 306; 33t 
12 16-8 250 40-2 517 78 63-86t 
13° 37-7 384 92-6 693 13-4 167} 
14 160-110 37-7 145 78-9 26-3 137 
inflow: with constant pressure. + vith: tallow. 
t Inflow raised. Pericardium removed. Lung edema. 
i 3 Exp. 11. Heart 58 grams. Temp. 36°. | 
2. 140 - 631 410 80 
3. 180 13-9 517 210-8, «18-7 
| Exp. 12, Heart 90 grams. Temp. 36-5-37°C. Pulse rate 146-150 por min. Periods 
2 196 “67-2 334 690 19-3 
R Exp, 13. Heart 54 grams, Temp. 35°C. Periods of 10 mins, 
2 10 21:2. 298 616 31-3 5-1 — 
3 145 44-7 644 
4 145 61-9 660 10-7 
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Exp, 14. Heart 28:5. Temp. 36°. Periods 15 mins., except lst one, which wa 


6 mins. only. 

1 422 93 47 
6 19° 371 + 68 
7 120 36-5 3 644 67:4 - 105 65-55 + 80* 
8 130 57-5, 562 1160 177 105 +136t 


* Pericardium removed. Output adjusted. Immediately on removal of pericardium 
the output rose to 611. per hour without any alteration of inflow. At the same time the 
arterial pressure rose to 130 mm.Hg. and the venous pressure fell to 70 mm. HO, while 
the heart became very dilated {+110 or more). The output was immediately restored 
by alteration of inflow screw, to approximately its former value. This caused the arterial 
pressure to return to 120 mm. and the heart volume to + 80, while the venous pressure 
fell to 65 mm., afterwards falling slowly to 55. 

+ Inflow increased. Lung wdema coming on. In this period the inflow was increased 


to what it would have been in last period if not altered. ‘There were signs of lung edema 


after 5 minutes of last period, so the experiment was stopped.. The venous inflow was 
stopped and arterial pressure-reduced to zero. The volume of blood entering reservoir 
from heart was 92 c.c., but some still remained behind in heart, which was permanently 


Exp. 15. Heart 39-5 grams. Temp. 35°C. 15-min. periods.’ The experiment was 
commenced with low arterial pressure and small output. After two periods, output 


and pressure wefe each doubled; this was again tepented after two more. periods. 


3 © 362 166 31 340 100 60 + 40 
4 6 348 189 390 827 &4 60 + 40 
5 120 476 388 804 888 111 210-240 + 98 
6 6 354 234 48 331 -68 102 + 69 
7 © 35 200 66 S13 68 + 69. 
8- 120 132 227 509 20 47 290 +134 


i 
= 


* Full inflow allowed, but output rapidly fell off. Heart very dilated. Lung oedema 
came on soon after end of period 8. At the end of the experiment the venous inflow was 
stopped and the arterial pressure reduced to zero, The level of blood in the reservoir 
then rose by 790.c., but there was still a considerable volume remaining in the dilated 
heart and 12 c.c. were recovered from the heart after excision. © 


Exr.-16. Heart 32 grams. Pericardium removed. Temp. 34-5°. Periods of 15 mins. 


1 130 16-9 128 265 ~~ 33-4 12-6 22 oe 
2* 150 16-9 170 352 38-65 1 
.* 90 16-9 109 226 23:1 10-3 21-25 -865 
4* 30 16-9 135 V7 5&7 . ~19 
ne 16-9 127 263 23:1 8-8 25 - 1 
“ 57-3 372 712 82-0 10-6 72 +65 
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MAMMALIAN HEART. 405 
Exy. 17. Heart 58 grams. Temp. 30°C. Periods of 15 mins. 


ge 
1 60 13-9 87 180 12-7 71 ¥ — 
2 120 12-9 120 248 23-5 9-5 + 24 
3 60 13-0 115 11-9 5-0 5 + 5 
4 60 = «470 180 372 44-9 12-1 15 + 48 
5 6 331 8-9 70-80 + 86 
6 60 20-7 180 372 19-0 51 40 + 2 
60 19-4 109 226 17-8 79 35 
8* 60 22-8 67 139 211° 15-2 34 
9 60 62-0 375 775 60-8 79 65 +102 


* Pericardium opened. 
Exr. 18, Heart 44 grams. Temp, 35-5°C. Periods 1 and 2=15 mins., 3=40 mins. ; 


the remainder 20 mins. each. 

l 60 51-4 332 686 49-3 7-2 50 +65 

2 60 | 234 486 54-7 
3 60 17-1 lll 229 15-6 6-8 30 +37. 
4 145 13-5- 214 444 29°5 6-7 65 + 0 

5* 146 13-2 322 664 28-9 4-4 36 +60? 
6 56-1 244 507 54-7 10-8 45 ? 

7 60 14-6 158 327 13:3 1 30 ? 


blood was 
Pulse rate 
1 80 8-4 213 10-2 442 2 = — 143 
2 80 37-7 325 46-7 673 69 +31 137 
1023. 1008 10-1 23 +72 146 
4 90 109-2 501 174-7 1040 16:8 40 97 150 
80 1 37-102 +78 to 
6 9-20 96 #73 199% 387 +31 slows t0.0 
to +66 end 
: first, of period 
q thenmore 6 
and more 
dilated until 
j it. failed 


Exp. 20. Heart 60 grams. Arterial presoure 120 mm. The experiment 
_ was:commenced and a period of observation of 15 mins. taken. The output was measured 


: were obtained. 
Duration Output Venous 
3 3 min. 177 — 200 mm. H,O 
6 a 285 mm. H,O 
9 305 ” 
12 me 315 mm. H,O 
15 16-1 340 


had leaked into it. It was immediately opened and the output and venous pressure 
at once returned to the values which they had at the commencement of the experiment. 
There was a small arterial twig found to be ruptured at the root of the sorta. 
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AN APPARATUS FOR PROJECTING SPECTRA. : By 
H. HARTRIDGE, M.A, MB. B.C, Fellow of Kings Coles, 
Cambridge. | 


(From the Physiological 


AN apparatus which will project bright spectra on to a screen finds 
many applications in Physiology. Important requirements in the 
successful working of such an apparatus are: 
(1) The total dispersion of the spectrum should be large. 
(2) The dispersion should be equal at different parts of the spectrum. — 
(3). The spectrum should be very bright and as uniform in oeeenny 


‘as possible. 


(4) It should all be in focus at once when projected on a screen 
placed at: right angles to the beam. 
(5) The optical axis of the light source ca of the spectrum should — 


_be in line with one another. 


Solid glass prisms or hollow prisms filled with such fluids as carbon 


di-sulphide fail in many of the above points, the dispersion at the violet — 


end is always greater than that at the red, which in turn causes the 
intensity of illumination to be unequal, The spectrum is of high 
intensity as a rule, but its dispersion is small, which necessitates an 
inconvenient distance between the apparatus and the screen. : 
Spectra produced by diffraction have many advantages over those 


produced by single or compound prisms. The total dispersion is large 


and is uniform in amount in different parts of the spectrum, thus the 
distribution of intensity is uniform. But they have the disadvantage 
of transmitting the direct beam and of producing spectra of several 
orders. The first order spectra are the most brilliant as a rule, but they 


_ are formed at one side of the direct beam so that when one of them is 


projected on to a screen the optical axis is not in line with that of the 
light source. The latter disadvantage may be avoided by a combina- _ 
tion, invented by Thorpe, of a grating and a weak glass prism of such 
angle that the spectrum corresponds to the optical axis of the beam 
which emerges from the light source. The direct beam is still trans- 
mitted by the system and appears on the screen just beyond the violet 
end of the spectrum. This again tends to cause confusion and has 
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PROJECTION OF SPECTRA 


the effect of lessening the apparent intensity of the least luminous 
_ part of the spectrum. © At the red end of the spectrum the violet of the 


second order begins to appear, and is often of considerable intensity. 

Another combination of prism and grating is possible that has none 
of the disadvantages of the above optical systems. It consists of a 
right-angled prism of light crown glass on the hypotenuse of which is 
mounted a celluloid replica diffraction grating. The beam from the 
light source enters the prism at its base without suffering deviation, 
and falls on the hypotenuse; a part of the light then obeying the ordinary 
laws of optics, suffers internal reflection and leaves the prism ‘at right 
angles to its previous axis. Another part however, in apparent dis- 
obedience to those laws, penetrates the ee surface and being diffracted 


Grating Grating” 
| 
v4 


. direct. beam 


by the grating fixed to that surface forms'a . brilliant first order spectrum 
in an almost direct line to the incident beam. The direct beam is not 
transmitted at all, but there is a remnant of low intensity of the begin- 
ning of the spectrum of the second order. This is removed by a suitable 
colour- screen. If this first order spectrum be compared with that of 
a grating alone of the same number of lines, the —— ner 
will be found for it: 
(1) The dispersion is about sig greater than that of the eating 
alone. 
(2). The intensity is for a. given purity. 
(8). The pty for for» given it in the 
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-HARTRIDGE. 


(4) For a given aperture there is an increase of 41 °/, in the resolving 
wer. 
- (5) The direct beam is not transmitted and the second order 
spectrum: is very faint. 
In using this prism grating the light from a miniature are lamp of 
about four ampéres is focussed by a suitable condenser of about 2 in. 
aperture, so that a magnified inverted image of the crater is formed 
on an adjustable slit. (See Fig. 2.) A focussed image of the slit is 
now thrown on to the screen by an achromatic collimating lens. Behind 
the slit’ is mounted a field lens by which an imaginary image in 
the plané of the condenser would be focussed on to the plane of the 
collimator lens. In the almost parallel beam which travels from the 
collimator to the screen is placed the prism grating. The direct beam 


is now bent through a right angle and is absorbed by a small black — 
velvet screen, the spectrum passes on without deviation and falls on 
the screen. The distance of screen to prism need not be very great 
because of the big dispersion of the prism; thus at a distance of seven 
feet a spectrum two feet long is obtained. Near the direct beam, 
which is yellow in colour, lies the other first order spectrum; it is 
relatively of small intensity and dispersion, and like the direct beam is 
deficient in blue and violet rays. Beyond it again lie faint second and 
third order spectra. The system is therefore normal in possessing the 

ordinary system of spectra, but very abnormal in their intensities, 
dispersions and positions, The deficiency in blue and violet rays 
found in the direct beam and the first order spectrum near it is made 
up by the peculiar intensity of those colours’ in the direct spectrum. 
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This is a very valuable feature, since that part of the spectrum is always 
less intense than the rest. 

With this apparatus nearly all the simpler phenomena of colour 
can be demonstrated. Colour mixture can be carried out by projecting 
a coloured light with an ordinary lantern (the objective being. fitted 
with an iris diaphragm so that the intensity can be varied). On to 
the screen at the same time as the spectrum, or by placing a reversing 
prism over half the field, the images of two spectra of varying intensity 
may be caused to cross over one another. The plienomena of 
Purkinje may be shown by gradually closing the slit so that the 
- Intensity of the spectrum is gradually diminished to zero. 

With regard to pigments, the effects of thickness on the boundary 
of the absorption bands can be readily shown by means of a rectangular 
trough, divided by a sloping partition; the effect of intensity of light 
by filling one side of the trough with indian ink solution keeping the 
thickness of pigment constant in a separate cell; the effect of concen- 
tration by gently pouring a little water on to the top of the concentration 
' pigment, and causing the fluids to mix gradually so as to form layers 
of changing concentration. The spectra of similar pigments may be 
compared by using a cell divided into two parts by a partition. The 
fundamental fact that the colour of a -pigment is complementary to 
those parts of the spectrum which it absorbs may be shown by 
projecting a narrow beam of light through the solution of the pigment 
on to the portion of the spectrum where the solution gives an absorption 

band; on adjusting the intensity the colours fuse to form a white patch. 
: The principle of the reversion spectrometer can be shown by tilting 
the reversing prism used above so that the- two spectra lie over 
one another. The change in position of the absorption bands by 
replacing O,Hb by COHb can be readily shown, and if a rotatable 
glass plate and micrometer be placed between the collimator and the 
slit, a rough estimate can be made of the °/, saturation with CO, 

For many purposes a simpler lens system than that described and 
illustrated above can be used; the light from the source being rendered 
parallel by an achromatic collimating lens, and then falling on & positive 
' eylindrical lens of two dioptres focus with its axis vertical. This 
causes the point of light from the crater to form just beyond the prism- 
_ grating and to spread out as a fan on to the screen. In this way a 

line of light is formed several inches wide, which the ie cit ain 
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THE PHYSIOLOGICAL ACTION OF PHYSOSTIGMINE 


AND ITS ACTION ON DENERVATED SKELETAL 
MUSCLE. By J. N. LANGLEY any TOYOJIRO KATO. 


(From the Physiological Laboratory, Cambridge.) 


In the previous observations by one of us it has been shown that in 


the denervated muscle of the fowl(@) and frog(2), .a low concentration 
of nicotine causes tonic contraction, and that this tonic contraction 
is antagonised in the normal manner by curari. Thus the effect of 


these alkaloids as regards the tonic contraction is not on the nerve — 


endings. Results essentially similar were obtained in the fowl by 

_ Edmunds and Roth, using both nicotine and physostigmine) (op. 
also (10), p. 104). 

The observations which have been made on the muscular bwijahiags 


caused by nicotine and by physostigmine after nerve section are less 


conclusive. Some experiments were made by one of us ((2), p. 288) in 
the frog, but recently it has been shown(4) that twitchings may be 
produced by slight variations in the salt content of the fluid in which 
the muscle is placed so that a repetition of the experiments is desirable. 


Magnus(5) has made observations on the effect of physostigmine on 


the denervated muscle of the rabbit. He found that the muscular 
twitchings caused by the drug were rather greater than normal up to 
the 18th day after nerve section, but were not obtained from the 27th 


to the 34th days. He concluded that physostigmine acts on nerve 


endings. But it has been shown that the nerve endings break up into 


fragments in about three days. If twitchings occur on the 18th day, 
it is unlikely that they are caused by an action on nerve endings; and 


it is a more natural conclusion that the twitchings are caused by an 
action on the muscle, and cease to be obtainable when the atrophic 
changes i in the muscle have reached a certain extent. 

In view of this position of the question we have re-investigated the 


action of physostigmine on denervated rabbit’s muscle, and have also 


made some observations on the action of physostigmine. . 
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ON THE ACTION oF PHYSOSTIOMINE. | 


Method. Most of our experiments were made on half-grown 
of abel 1} kilos. weight; a few were made on adult rabbits and on 
cats. The animals were anesthetised first with ether or chloroform. 
under a bell jar. Tracheotomy was performed and anesthesia main- 
tained by A.0.z. Usually also about +75 to 2-5 grms. of urethane was 
injected into a vein, or into the carotid artery peripherally. When 
it was necessary to inject curari, the animal was first decerebrated by 
injection of starch grains (10°/, suspension in Ringer’s fluid) into the 
carotid peripherally. The whole of the brain (including the spinal. 
bulb) was put out of action so that the blood-pressure was low. The 
circulation was sufficient to maintain peripheral effects, but - reflexes 
from the spinal cord progressively decreased. : 

The physostigmine used was the eserine salicylate of Merck, the 
solution being made up at short intervals as required. The steopes 
used was atropine sulphate also prepared by Merck. : 

A considerable difficulty in the investigation we found to be the 
tendency in the rabbit of small amounts of physostigmine (1-4 mgms.) 
either to stop the ventricular beat altogether or to reduce it to such 
an extent that there was insufficient circulation. The usual course of 
the effects on the heart appeared to be, dilatation of the ventricles, 
heart block, and cessation of the ventricular beat in diastole. The 
respiration generally stops after 1-2 mgms, of physostigmine. It is 
known that after physostigmine, more than the normal force of respira- 
tion is required to distend the lungs but we have not found that. rabbits 
can be kept alive by forcible artificial respiration. As mentioned by 
Dixon, the heart can be revived by injecting adrenalin, but the revival 
is tasinaient, and during the period of increased blood-pressure, the 
contraction of the small arteries interferes with the physostigmine 
. Teactions, In some cases in order to observe the effect of physostigmine 
on twitchings we have injected it into the muscle instead of injecting - 
into a blood vessel. A somewhat greater quantity of physostigmine 
can thus be given without stopping the heart, and the local effect is 
somewhat greater; the difference however is insufficient to be of much 
importance, and the unequal distribution of the drug in the muscle 
made the local injection unsuitable for most of our experiments. 
A considerably larger amount of physostigmine can be given to a cat 
without causing death. 

Asi known, the, twitahings in 
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| decentralised capi by physostigniine are fascicular. Each twitch 


is a more or less powerful contraction of a considerable number of 
muscle fibres, though the number of fibres involved varies widely. 
With a minimal amount of physostigmine, only one or two twitchings 
in a minute occur in the muscle; as the amount of physdstigmine 
increases, the frequency of the twitches greatly increases, but there — 
is always an interval easily appreciable to the eye between the twitches 
in any one part of the muscle. The amount of physostigmine required 
to cause lively twitches varied a good deal in our experiments, and 
this seemed to depend upon the amount of the anesthetics administered. 

Physostigmine above a certain dose decreases the twitchings caused 
by a small dose, and in sufficient quantity abolishes them. This we 
shall refer to in speaking of the experiments in which large dosés were 
given. 

Fascicular twitchings and fibrillation caused by nerve stimulation. 
A point which seemed worth determining was the effect on the physo- 
stigmine twitches of applying tetanising currents to the nerve. When 
the circulation is good, the earlier stimulations—lasting for about half-a- 
minute—produce the normal effect, but the fascicular contractions do 
not begin again for some time after the stimulation has ceased. After 


-@ variable number of such stimuli, small fascicular contractions occur 
towards the end of the period of stimulation. On further repetition, 


the twitchings affect fewer fibres and become weaker. Further a certain 


number of the fibres enter into a state of rapid rhythmic contraction 


—fibrillation. In some cases the fibrillation continues, and it may _ 
become more obvious, after the stimulation has ceased. The fibrilla- — 


tion is most easily obtained when the circulation is feeble towards the 


end of an experiment. In one such case in which the fascicular con- 
tractions had stopped, and in which the tetanus caused by stimulation 
was weak, fibrillation began almost at once in parts of the muscle. 


and lasted for a minute or more after the end of the stimulation. Even | 


after death fibrillation may be obtained. The phenomena are no doubt 
due to an accumulation of metabolites acting on some abnormally 
excitable structure. 

It may be recalled that Winterberg(6) found that fibrillation of 
the auricle could sometimes be produced by stimulating the vagus 
after giving physostigmine. Since in this case an inhibitory nerve is © 
stimulated, the genesis of the fibrillation is probably different from 


, that which we have described in striated muscle. 


Action of — on the oe Rothberger ((7), p. 139) 
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states that the fascicular contractions caused by physostigmine are at 
once abolished by a small dose of atropine (apparently 2-3 mgms.), 
and that when so abolished they cannot again be produced even by a 
large dose of physostigmine. On general grounds it seemed to us 
improbable that atropine should affect striated muscle or its peripheral 
nervous mechanism in this way, and on testing the matter in rabbits 
and cats we found that, in fact, it did not. A fairly large dose of atropine 
(as 20-30 mgms.) has no appreciable effect on the fascicular contractions 
caused by a small dose of physostigmine (1-2 mgms.) in muscle the 
nerve supply of which has been severed, and even after 60 mgms. of 
atropine, peripheral muscular twitchings are at once set up by a small 
dose of physostigmine. We give an abstract of two experiments, one 
on a rabbit and the other on a cat in illustration. 


Rabbit, 3100 grms. Ether. Tracheotomy. Urethane and 4.0%. The 
injections were made into the jugular vein. 


sciatic cut. 


11.45. 10 mgms. atropine. 

11.52. &mgms, physostigmine. in 
and elsewhere. No defecation nor salivation. 

12.20, 10 mgms. atropine. Contractions as before. 
72.26. 10mgms. atropine. _so,, 

11.32. 10 mgms. atropine. re 

12.40. 20 mgmas. atropine. 


Exp. 2. Cat,4300grms. Preparation asin Exp. 1, but a.c.z. used instead of urethane 
and 4.0.8. Left sciatic cut and left gastrocnemius exposed. 

4.3... &mgms. physostigmine. Lively twitching of gastrocnemius, and some limb 
movements apparently of central origin. Peristalsis, salivation, lachrymation, nystag- | 
mus. Defecation. Vagus-pulse. | 

4.9. 10mgms. atropine. 

411. Twitehing as before; nary coud, other fects topped. 

4.15. 6&mgms. atropine. Twitching as before. 

4.20. &mgms. atropine. 

4.25. 5 mgms. atropine. 

4.31. 10 mgms. atropine. witching rather less. 

4.36. 10 mgms. atropine. 

441, 15 mgms. atropine. 

4.43. Twitchings few. 

4.49. 15 mgms. atropine... 

4.49. One or two twitchings » minute. 

4.51. 10mgms. atropine. No twitching in two minutes. 

4.55. Fairly good twitchings. Mo salvation 
mation. 
decrease of.the twitchings and that about three quarters of an hour 
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after injecting 6 mgms. of physostigmine, during which 85 mgms. of 
atropine were injected, the twitchings stopped or nearly stopped. 
Whether this indicates a quickening of the normal rate of decrease of 


the twitchings we have not determined, but it is clear that the atropine 


had no special antagonistic action on the twit-hings, since after 85 mgms. 
of atropine, 5 mgms. of physostigmine caused twitchings as good as 
' could be expected with the decreased circulation. 

The statement, then, that atropine readily antagonises the action 
of physostigmine on muscle is erroneous. Nevertheless there could 
be little doubt that the statement must have had some basis. And 
Dixon(s) has given a tracing showing that the contractions of the 


quadriceps cruris muscle caused by 2mgms. of physostigmine are — 


stopped by | nig. of atropine. The explanation of the apparent contra- 
_ diction lies in the action of atropine on the central nervous system. It 
is known. that physostigmine besides causing muscular twitchings 


may cause also irregular contractions and trembling of the limbs. — 
A certain increase in the depth of intoxication with anzsthetics abolishes _ 


‘both. They are of central origin, for when they occur in a limb they 
at once cease on severing its nerve supply. Some of the muscular 
twitchings are also of central origin; with a small dose of physostigmine 
(1-2 mgms.), these are for the most part at any rate the weaker con- 
tractions. All these muscular effects of central origin are in a certain 
stage of anesthesia more or less readily stopped by a small dose of 
atropine. Atropine in these cases appears to act on the central nervous 


parity deepening the ‘and partly as a specific 


antagonist of physostigmine. 

In the course of our observations we noticed that a small iow 
of physostigmine causes twitching of the eyelids, and twitching of 
the eye-ball—nystagmus. In the rabbit the nystagmus was often a 
very slight, rapid and regular vibration, the movement being usually 
forward and downward, occasionally slightly rotatory; sometimes it 
was slower and more extensive. In the cat, the slower movement 
only was observed, and it was lateral either to the right or left. 
With progressive increase in the amount of anesthetic, both twitching 
of the eyelids and nystagmus occur for a time after the corneal reflex 
and the irregular body contractions have ceased; later they also cease. 


Occasionally i in the cat the nystagmus is synchronous on the two 


sides, t.¢. is undoubtedly of central origin. Both movements are 
stopped by a small amount of atropine (2-5 mgms.), the nystagmus 
much more readily than the eyelid movement. Subsequent — 
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of physostigmine may cause a brief return of the eyelid movement and 
of the slow nystagmus; we have not observed any return of the quick 
vibratory nystagmus of the rabbit. The antagonistic action of atropine 
to physostigmine in the central nervous system is at its maximum in 
the case of nystagmus. 

A small dose of atropine has been said by Edmunds and Roth@) 
to stop physostigmine twitchings in the fowl. It was advisable, then, 
to determine whether the reaction to the drugs in the fowl was the 
same as, or different from, that in the mammal, and we made a few | 
experiments on this question.: Chloroform followed by A.c.z. mixture 
were used for anssthetics, and in one case -25 grm. of urethane was 
in addition injected intravenously. | 

The injection of 1-2mgms. of physostigmine causes 
muscular movements; there may be brief flapping of the wings, trem- 
bling of the legs, rhythmic movements of the tail feathers and a few 
fascicular twitchings. Excess of anssthetics greatly reduces these. 
movements. They are accompanied by movements of the oesophagus, 
and mucous fluid may pour from the mouth. The eye opens for a short 
time and the pupil dilates. The respiration usually stops and the 
heart. beat becomes feeble so that artificial respiration is necessary. 
Soon after the injection there is defecation. There is some nystagmus 
with rhythmic movements of the nictitating membrane and iris; in 


two cases.it was noticed that the sweeping of the membrane across the 


eye and the contraction of the iris were synchronous and were also 
synchronous on the two sides. The general muscular movements are 
brief, but the eye movements and especially those of the nictitating 
membrane and iris continue. There are few twitchings in the muscles 
of any part of the body and none in the gastrocnemius after section 


of the tibial nerve. There is slight tonic contraction, but with the 


dose we are considering—1 to 2 mgms.—it is slight only. All of these 
effects except the tonic contraction are stopped, or greatly reduced, by 
a few milligrams of atropine. As we have said, the movements of the 
nictitating membrane and iris go on for some time after body move- 
ment has ceased; these movements stop 20 to 30 seconds after 
injecting atropine. When 5 to 10 mgms. of atropine have been ad- 
ministered, 10 mgms. of physostigmine may be injected with little or 
no effect; the degree of effect depending on the depth of anesthesia. _ 

A striking difference in the action of 1-2 mgms. of physostigmine 
in the fowl and in the mammal is, that in the former this dose causes 
We tried 
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the effect. of injecting larger doses, but these killed the animal by 
stopping the heart, so that we have resorted to local injection to see 
whether physostigmine in larger quantity causes twitchings. After 
cutting the tibial nerve, }.c. of -5°/, physostigmine was injected into 
the muscle; this caused a couple of twitchings just after the injection 
and then the muscle remained perfectly quiescent. 

Though atropine does not affect the peripheral physostigmine 
twitchings in the mammal, it cannot. be said with certainty that it 
might not do so in the fowl. But it may be mentioned that in one 
experiment after giving 10 mgms. of atropine we injected intravenously 
first 10 mgms. and then 7-5 mgms. of physostigmine without causing 
any fascicular twitchings. These doses however caused considerable 
tonic contraction like that caused by nicotine, and the legs, both that 
with the sciatic cut, and that with the nerves intact, were in strong 


extension; a result which is in agreement with Edmunds and Roth’s 


results. The tone decreased after injecting -3 grm. CaCl,, and disap- 
peared after injecting an additional -15 grm. : 

We have seen that in the rabbit, tetanic nerve stimulation after 
administration of physostigmine may cause fibrillar twitching for a 
short time after the cessation of the stimulus. In the one case in 
which we repeated the experiment in the fowl, the result was very 
different. The muscle remained nearly fully contracted for } to } a 


minute after the end of the stimulation, and complete relaxation did _ 


not occur for a further period of about a minute. 

These experiments show (1) that the muscular contractions caused 
by physostigmine in the anesthetised fowl are due to impulses coming 
from the central nervous system and that they are prevented by atropine. 


In this respect the reaction is the same in the fowl as in the mammal; — 
(2) that physostigmine causes in the fowl few or no twitchings of peri- 


pheral origin. In this respect the reaction is similar to that in amphibia. 

Since atropine does not affect the peripheral action of physostigmine 
on muscle, it is an advantage to give atropine as a preliminary to an 
investigation of the twitchings. As is known, atropine antagonises 
the parasympathetic effects of physostigmine, so that defecation and 


tracheal secretion are avoided. Further by preventing the action of — 


physostigmine on the lungs, and in part at any rate on the heart, a 
larger amount of physostigmine can be given without causing death. 
The dose of atropine required is about 10 mgms.; 5 mgms. is insufficient 
_ to stop the effect on the intestines. After 10 mgms. of atropine a very 
large amount of physostigmine can be given to the cat without causing 
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death; in one case we injected intravenously (in successive doses) 
176 mgms: In the rabbit though the amount of physostigmine can 
be increased we have not found that any large quantity can be given; 
usually the heart stopped after 6~10 mgms.; and in decerebrate rabbits, 
in which the circulation is much below normal, 4 to 6mgms. was 
usually fatal. 

The fascicular contractions are said by Loewi(®) to be readily 
stopped by CaCl, injected intravenously. We have made three experi- 
ments on this point, but we have not found that the salt has much 
effeet until a considerable amount is given. In one of the experiments, 
after injecting 2-5 mgms. of physostigmine into a small rabbit, successive 
doses of CaCl, amounting in all to 16 ¢.c. of a 1 °/, solution were injected 
intravenously in the course of half-an-hour; thé twitchings of the 
gastrocnemius persisted although they became weak. In another 


experiment, a short account of which we give (Exp. 3), the twitchings 


caused by 2mgms. of physostigmine were stopped by 450 mgms. of 
CaCl,, but appeared again on injecting another 2 mgms. of physostig- 
mine. 


Exp. 3. Rabbit,1-45 kilos, Chloroform. Tracheotomy. 4.0.2. Right tibial nerve 


- cut, and gastrocnemius exposed. The threshold (th.) for a tetanising current is indicated 
by the distance in ems. of the secondary coil from the primary. The solutions were 
injected into the jugular vein; 


mins. Th.—sec. coil = 89. 

ag 10 mgms. atropine. : 

» Th—sec, coil = 88. 

2 mgma.. physostigmine. No nystagmus No visible 
_ @utonomic effect. 

» Th—sec. coil = 104. 

»  Th—see. coil = 105. 

»  ‘2grm. CaCl,. Twitchings less. 

» grm. CaCl,. 

»  Twitehings infrequent. Th.—sec. coil = = 29, 

- @5grm CaCl,. After 5 mins. are still a few twitchings. 

»  O5grm. CaCl,. Th.—sec. coil = 21. 

»  2mgme. physostigmine. 

»  Th—sec. coil = 24. A few twitches. 

»  2mgms, physostigmine. Twitchings more frequent. col = 45 

»  *26grm, CaCl,.—heart stops. 


It will. be noticed in this experiment that did not. 
the normal increase in nerve irritability caused by physostigmine. _ 
The asserted paralysis of motor nerves by physostigmine. It is generally 
held that a large dose of physostigmine paralyses the motor nerve 
endings in skeletal muscle. Dixon(é) gives the amount which prevents, 
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in the cat and rabbit, the strongest nerve stimulation from causing 
muscular contraction as 40 to 50 mgms. In the rabbit we have not been © 
able to give anything approaching this amount without causing death. 
In the cat we have given up to 33 mgms. in successive doses of 2 to 
5 mgms., the last dose stopping the heart. The tibial nerve was cut 
and stimulated with the interrupted current. The threshold stimulus 
before injecting physostigmine was with the secondary coil at 90 cm. 
At the end of the experiment the threshold stimulus was with the 
secondary coil at 84cm., a difference which is not outside the range 
which might be expected from the continued anesthesia and the fall — 
of blood-pressure during the experiment. | 

We have seen that atropine does not prevent the action of physo- 
stigmine in produéing muscular twitchings. And atropine does not 
prevent the increase of nerve irritability caused by physostigmine. 


This affords fairly conclusive evidence that atropine does not antagonise _ 


at all the effect of physostigmine on the skeletal neuyo-muscular 
apparatus. We therefore injected intravenously 10 call ot atropine 
in an experiment on a cat before injecting physostigmine. In this 
case the threshold stimulus of the tibial nerve with tetanising currents 
was with the sec. coil at 62. After injecting 6 mgms. of physostigmine 
the threshold stimulus was with the sec. coil at 75. With further injec- 
tions, it slowly declined but after the enormous dose of 176 mgms. 
contraction was obtained with the sec. coil at 60; i.e. the threshold 
stimulus was practically the same as at the beginning of the experiment. 

So far then as our experiments go, physostigmine has no paralysing 
action on the motor nerves to skeletal muscle. 

In these experiments another unexpected result was obtained. In 
the first, in which atropine was not given, the twitchings began to 
decrease after 10 mgms. of physostigmine had been given, they became 
infrequent after 14mgms., and they occurred only at rather long 
intervals after 24mgms. In this experiment }c.c. of -01 °/, adrenalin 
was given after each injection of physostigmine in order to keep up the 
blood-pressure, and the consequent contraction of the arteries supplying 
the muscle may have aided in reducing the twitching. But in the 
second experiment in which atropine was administered, no adrenalin 
was given; a similar result was obtained but of a more striking character 
_ Since a larger quantity of physostigmine could be given. The twitchings 

decreased after 18 mgms., became infrequent after 26 mgms., nearly 
stopped after 49 mgms., and stopped after 69mgms. During the rest 
of the experiment, during which 107 mgms. of physostigmine were 
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ACTION OF PHYSOSTIGMINE. 419 
injected, there was no twitching, notwithstanding that nerve stimulation 
readily caused contraction. 


The antagonism of curari and physostigmine as regards muscular 
twitchings and indirect irritability. It has been shown by one of us(10) 


_ that in the frog the effect of curari in preventing the tonic contraction 


of muscle normally caused by nicotine depends upon the relative — 
concentration of the two substances, but that the effect of curari in 
preventing the twitchings normally caused by nicotine follows a different 
rule and depends chiefly upon the absolute concentration of the curari. 


_ Itis obviously desirable to determine the rules which govern antagonism 


in other cases. We have in consequence made some observations on — 
the antagonism of physostigmine to curari as regards muscular — 
and the restoration of nerve irritability. 

Certain facts bearing on the question are already known. Pali) 
and Rothberger(7) have shown that after curari has been given in 
@ quantity just sufficient to paralyse the motor nerves, the irritability is 
rapidly restored by a small amount of physostigmine. Rothberger 
however found that when the dose of curari was several times the 


- minimal paralysing dose, physostigmine in many cases caused no return 
_ - of nerve irritability. As regards the twitchings, it has been noticed 


by several observers that when physostigmine is given after eurari, 
twitchings do not occur at the time nerve irritability returns. 
The limitation in the antagonism of physostigmine to curari was 


considered by Rothberger to be due to physostigmine when given 


beyond a certain amount paralysing the motor nerve endings on its 
own account. We have seen above (p. 418) that physostigmine in 
very large dose does not paralyse the nerves, so that Rothberger’s 
explanation of the absence of antagonistic action falls to the ground. 
The following experiment will serve to show how limited the antagonism 
is. A cat was anesthetised by chloroform and 4.c.z., the left tibial 
nerve cut, the left gastrocnemius exposed and the animal decerebrated 
by injecting 3c.c. 10°/, starch suspension into the peripheral end of 
the carotid. -The threshold stimulus (tetanising current) was with 
see. coil at 90 cm. Successive doses of }¢.c. of 1%/, curari! were then 
given intravenously, after 3-5c.c. of curari had been given, strong 
stimulation of ‘the nerve had no effect. Two mgms. of physostigmine 


partly restored the irritability (1.8. = sec. coil at 12-5cm.). Then 


twice the original dose of curari was given (7 ¢.c. 1°/, solution); the 


1 The solution of curari used in this instance had been made up for a considerable 
time and was only {—3 the effectiveness of a freshly made solution. 
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nerve effect was sapidly abolished. Thereupon twice the original dose 

of physostigmine was given. This caused no return of irritability. 

Successive injections of physostigmine were made and the nerve stimu- 
lated after each injection. After 32mgms.—in addition to that 
previously administered—had been injected, during which there was 
no return of nerve irritability, the heart beat was much weakened. 

With subsequent injections the heart beat became feebler and slower, 
but it was still beating after an additional 105 mgms. had been given. 
There was no restoration of nerve irritability, and no muscle — 
at any time. 

In this experiment 2 mgms. of physostigmine partially restored nerve — 
irritability after 3-5 c.c. of curari; but no dose of physostigmine up to 
132 mgms. restored nerve irritability after 7 c.c. of curari, nor did the 
physostigmine at any time cause twitchings. In similar experiments 
on the rabbit we have only succeeded in one case in giving physos- 
tigmine much above the equivalent quantity. In this, 18 mgms. of 
physostigmine were given in addition to that theoretically required to 
antagonise the curari. No return of irritability occurred in the tibial 
nerve, nor were there any twitchings. 

We conclude then that the antagonism of physostigmine and curani - 
as regards muscle twitchings and nerve irritability is of the type of that 
of nicotine and curari on the muscle twitchings, and not of the yy of 
nicotine and curari in the production of tonic contraction. 

The change which stops the passage of the nerve impulse from 
nerve to muscle is in some respects at any rate different from that which 
stops the twitchings. Where curari is given after physostigmine, the 
twitchings are stopped before nerve irritability is abolished. We 
should in consequence expect that when physostigmine is given after 
curari some restoration of nerve irritability would occur before twitchings 
are produced, but if the same change is responsible both for the effect 
on nerve irritability and on the twitchings, we should also expect 
the twitchings to begin during recovery at the stage of irritability at 
which it disappears when curari is given after physostigmine. This 
is not the case. Our experiments on this point have been made on the 
_Tabbit. After paralysis of the nerve by curari we have obtained with — 
physostigmine not only a restoration of irritability but an increase 
above the normal, without obtaining twitchings. And we have seen 
above (p. 418) that a large dose of physostigmine stops the twitchings 
without blocking the passage of nerve impulses to the muscle. 

Exciting action of physostigmine on the central nervous system. The 


| 
| 
ian 
. 
\ 
4 
Pass 
A 
“iA 
i 
of® 
in 
| 
ag 
Mi 
a 
ys 
A 


4 


AOTION OF PHYSOSTIGMINE. — 421 


general statements that at present can be made with regard to the 


action of physostigmine are few. One which has been more or less 
widely accepted is that the direct action on the central nervous system 
is in the main a paralysing one (Harnack and Witkowski«2)). 


_ This was based on the effects of physostigmine on voluntary and reflex 


movements. Rothberger has pointed out that the primary effect on 
unanesthetised animals is to cause movement; he concludes that in 


small doses physostigmine excites some part of the central nervous — 


system, probably the cerebral cortex, and-in larger doses paralyses it. 
But 2-3 mgms. of physostigmine are sufficient to produce the lack of — 
voluntary control, and this amount in other physostigmine action 
would be considered as a very moderate dose. Whether this amount 


_ has a paralysing action or no on the higher centres of the brain, it has 


no obvious paralysing action on the central nervous system in general, | 
since many of the peripheral phenomena are to a large extent produced 
by impulses passing from the central nervous system. That this is 
the case is shown by their decrease or cessation when the nerves are 


 gpevered. It has been shown by Heidenhain for the 
_ and by Schultz for the sphincter iridis.. 


The degree of central action in the secretion of sweat has so far as 
we know not been determined; we have in consequence made a couple 
of experiments on the secretion in the hind foot of the cat. In one 
experiment the sciatic nerve was cut on one side, in the other the 
sciatic and the crural nerves. Injection of physostigmine caused a free 
secretion in the pad and toes on the intact side, and very little on the 
side with severed nerves; the secretion which occurred was confined 
to the outer part of the foot. Thus the secretion of sweat caused by 


_ 2 to 3 mgms. of physostigmine is mainly due to impulses coming from 


the central nervous system. We found however that injection of 


--5°%, physostigmine under the skin of the pad after section of both 


sciatic and crural nerves caused a fairly free secretion, so that in suffi- 
cient dose there was apparently a peripheral stimulating action. 

But whilst the evidence is against the primary effect of physostigmine 
being a paralysing one, the question of how far the primary effect is 
one of excitation requires consideration. Loewi and Mansfeldas) 
have attributed all the peripheral effects caused by physostigmine to 
increased nerve irritability; the normal tonic impulses from nerve 
cells or nerve endings have then an increased effect or rise above 
the threshold and so produce an effect. It is unnecessary for us to 
discuss this theory except so far as it might be applied to the decrease 
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of physostigmine effects on nerve section. It seems to us clear that the 
theory will not account for the effects of a small dose of physostigmine 
on striated muscle, and that in some way physostigmine causes new im- 
pulses to be sent out from the central nervous system to the muscles :— 
(a) The general muscular movements are as we have said of short 
duration, the increase in peripheral nerve irritability is not. (6) An — 
increase in effectiveness of the tonic impulses sent out by the central 
nervous system to striated muscle should only cause an increase in the 
muscular tone. This is not what occurs. The contractions of the 
- skeletal muscles, of the eye muscles and of the bird’s iris are clonic 
with either irregular or regular rhythm. (c) A small dose of atropine 
does not appreciably diminish tonic impulses to muscle, or prevent 
physostigmine from causing an increase in nerve irritability, yet a small 
amount decreases or stops the muscular contractions of central origin — 
caused by physostigmine. 

If, as we conclude, physostigmine causes new impulses to pass to 
striated muscle, it establishes a probability that the effect on secretory 
glands, unstriated and cardiac muscle, is in part produced in the same 
way and this certainly seems to be the simplest explanation of the 
sweat secretion. 

The setting up of new nerve impulses is in ordinary usage spoken 
of as an excitation. Using the term in this manner we conclude that 
a small dose of physostigmine has as its primary effect an excitation 
of a number of centres in the central nervous system. This leaves open 
the question whether the new nervous impulses are due in part or wholly 
to increase of irritability of the central synapses. 

Increase of nerve excitability and excitation. Cushny (4) regards the 
increase of nerve irritability caused by physostigmine as the first stage 
of stimulation. Whilst this view seems probable on general grounds 
it presents one difficulty which has not been noticed. Physostigmine, 
- as is known, causes few or no twitchings in frog’s muscle. We should 
expect then that physostigmine would either not increase the excita- 
bility of the motor nerves of skeletal muscle in the frog, or would only 
do so in large doses. We made two experiments on this point and in 
both a small dose of physostigmine lowered the threshold of excitation 
to single break induction shocks. Thus in one experiment on a 
Hungarian frog weighing 42 grms., 1 mgm. of physostigmine injected 
into the abdominal vein after decerebration lowered the threshold of 
the sciatic from sec. coil at 26 to sec. coil at 28; after another mgm. the 
threshold was at $1; after successive doses up to 13 mgms. in all, the 
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threshold was still at 31, but there were no twitchings at any time. 
Similarly we found that in the fowl 1 mgm. of physostigmine lowered 
the threshold of the tibial nerve to single break induction shocks from — 
sec. coil at 22 to sec. coil at 29, and as we have said above we have not 
obtained twitchings in the fowl on injecting - -5°/, physostigmine directly 
into the muascle. 

It may be mentioned that we have not found that soaking the 
trunk of the sciati¢ nerve in physostigmine increases its excitability. 


_ In one experiment the tibial nerve of a rabbit was passed through an 


indiarubber tube, the lower end stopped with China clay. and the tube 
filled with -1 and -5°/, physostigmine. The threshold of stimulation 
of the nerve above the tube remained unaltered. 


Sympathetic system. The most striking actions of ph 


yeostigmine 
are, as has been pointed out by Meyer and Gottlieb«s) and by 


Loewi and Mansfeld (3), on tissues innervated by the parasympathetic _ 
system. But a number of examples have been brought forward of an 


action of physostigmine like that which is produced by the sympathetic. 


So far as our observations go we are inclined to think that a small dose 


of physostigmine (1-3 mgms.) has little if any effect on peripheral 


sympathetic nerves. The chief examples of sympathetic action which 
have been described are secretion of sweat, contraction of the uterus 
and contraction of small arteries. The secretion of sweat we _— 
dealt with above (p. 421). 

Contraction of the uterus has been found by Sesdimewsti fin 
the rabbit) and by Cushny (in the cat) to be produced by physostig- 
mine. We made three experiments on the rabbit. The abdominal — 
wall was opened, the hypogastric nerve cut on one side and the lower 
part of the animal immersed in warm Ringer’s fluid. The injection 
of 1-2 mgms. of physostigmine had no definite effect on the uterus, 
though there was strong contraction of the intestine. Adrenalin caused 
very obvious uterine contraction. We conclude that a small dose of 
physostigmine has little or no peripheral effect on the uterus; the 


_ central effect, if any, may have been prevented by the anesthetic. 


It. is known that physostigmine causes a brief rise of blood-pressure 
of 40-60 mms. of Hg and that this is not prevented by injecting 
atropine. We find that the rise of blood-pressure is much less in the 
spinal atropinised animal. The result suggests that the rise with 
intact nervous system is chiefly a central action. Whether this is 
the case or no, the result shows that a dose of physostigmine sufficient 
to cause strong effects in the oro-anal system causes but a minimal 
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contraction of the blood vessels, and it is to be noted that according 
to Dixon(8) physostigmine causes contraction in perfused vessels which i 


have no sympathetic innervation. — 
With regard to the sympathetic ganglia, Dixon(é) mentions that 
physostigmine applied locally to the superior cervical ganglion, or to 


the ganglia of the solar plexus, has no distinct effect. We have tried 


the experiment upon the superior cervical ganglion of the cat and 
rabbit and can confirm this statement. Physostigmine -5 to 1°/, 
brushed freely on the ganglion had no trace of effect on the eye, pupil, 


nictitating membrane or eyelids; stimulation of the cervical sympathetic — 
had its usual effect, and-so also had - nicotine to 


Ganglion. 


THE EFFECT OF PHYSOSTIGMINE ON DENERVATED MUSCLE. 


Our starting point in these experiments was the statement of 
Magnus(5) that the physostigmine twitchings cease to be obtainable 


between the 18th and 27th days. If the disappearance of the reaction — 


were due to the atrophy of the muscle, it seemed possible that the period 
during which the reaction is obtained would depend upon the nutritive 
condition of the muscle. In Magnus’s experiments both the sciatic 
and crural nerves were cut; so that the limb was nearly immobilised. 
The gastrocnemius muscle receives nerve fibres from the tibial nerve 


and from this only; after section of the tibial nerve, there is vonsiderable C 


power of movement of the leg, and consequent passive movement of 
the denervated gastrocnemius. Hence, then, we severed the tibial 
nerve, excising } to lem. Half-grown animals were taken, since it 
was possible (though by no means certain) that the gastrocnemius 
would have greater vitality in them than in full-grown animals. In 
some cases the muscle was massaged or. electrically stimulated, but as 
we found no essential difference in the behaviour ofthe muscles treated 
in this way, it is unnecessary to give the details. The time allowed 
in the first three experiments was 18, 25 and 28 days. In these animals 
the tibial nerve was cut aseptically on both sides under ether (the 
small wound in this and other cases healed rapidly). After the lapse of 


- the given number of days, the procedure was as described above under _ 


“Method” (p. 411). The gastrocnemius was exposed, physostigmine 
admmistered and the muscle closely examined with the naked eye 
and by the aid of a lens. In none of the cases was there any fascicular 


contraction in the gastrocnemius, but in its place there was fibrillar 
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contraction. The fibrillar contraction was rapid, giving a shimmering 
appearance to the surface of the muscle, but it caused no movement 
of the muscle as a whole. Some characters of the fibrillation we shall — 
give later. These experiments so far as they went tended to show that 


_. physostigmine causes muscular contraction at all times after nerve 


section, but that the contractions are changed in character. Thus the 
next point to determine was the time after nerve section at which the 
fascicular contractions changed to fibrillar contractions. Observations 
were then made at successively decreasing periods of degeneration. 
The contractions after injection of physostigmine were fibrillar after 
fourteen days’ denervation, and they were still fibrillar but weaker after 
seven days’ denervation. On testing after four days’ denervation, 
we found no effect at all in the greater part of the muscle; there was 
shght quivering at one point under the artery. Two days after 
denervation, injection of physostigmine had no effect. 

This series of experiments placed the problem in quite a new light. 
The fascicular contractions did not gradually change into fibrillar in 
the course of two or three weeks, but the fascicular contractions ceased 
to be obtainable in a couple of days; after an interval, fibrillar con-— 
tractions occurred and these increased in intensity up to about a 
fortnight after denervation. 

So far we had paid no special attention to the gastrocnemius until 
physostigmine had been injected; the muscle was viewed from different 
angles after the injection until the fibrillation was clearly seen. It 
was best seen when the muscle was looked at from the side opposite | 
. the source of light, so that light was reflected from the surface of the 
muscle. In the experiment seven days after denervation we noticed 
that the fibrillation was not visible from certain points of view, and 
that its visibility depended greatly on the angle of illumination. This 
suggested that in the other cases in which we had observed fibrillation 
after physostigmine, the fibrillation might have been present before 
physostigmine was injected but had escaped notice because in exposing 
the muscle it had been looked at from the wrong angle. | 

Further experiments were therefore made to determine whether 
denervation led to spontaneous fibrillation or no. In these some other 
points were investigated, and we need not consider them in the order 
_ in which they were made. The times allowed for degeneration in 
these further experiments were 1, 1}, 2, 3, 5, 8, 10, 12, 14, 30, 35, 36 
and 71 days. In the last experiment the peroneal nerve was cut es 
the tibialis anticus muscle examined. = 
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On the fifth day and on all the later days, spontaneous fibrillation was 
found, and it was of the same character as that which we had previously 
observed after injecting physostigmine. In order to see it, it is necessary 
to look at the muscle from a certain angle; the surface has then the | 
appearance of being in continuous slight movement; this is made more 
obvious by moistening the surface of the muscle with warm Ringer’s 
fluid. In close examination it is seen that the contraction in any one — 
spot—as a rule at any rate—has a perfectly regular rhythm, and that 
the apparently continuous movement of the surface as a whole is mainly 
due to the rhythm in adjoining fibres being different. The rate of — 

_ thythm and apparently the intensity of the contraction vary consider- 
ably in different parts of the surface of the muscle; we have not observed 
any constant difference it rate in the gastrocnemius (white) and in 
the soleus (red). When the surface of the muscle is only slightly 
moistened the contractions usually cause slight depressions in the 
surface -5 to 1 mm. in length, as if they occurred in a small region 
of the fibre and spread out very little from this region. When the foot | 
is bent to form about a right angle with the lower leg, so as to stretch = | 
the gastrocnemius, the fibrillation is no longer seen. 

_ The fibrillation continues for a few minutes after death, but stops 

' before the indirect irritability of the normal muscles. Its rapidity is 
lessened by feeble circulation; adrenalin causes great. pallor of the 
gastrocnemius, and by lessening the circulation decreases the fibrillation 
and in certain circumstances may we think stop it. The following 
experiment shows we think that if the blood flow through the muscles 
is stopped for 10 to 15 minutes, fibrillation on restoration of the blood | 
flow is greatly diminished or absent. In a rabbit, the left tibial nerve 
of which had been cut nine days previously, the heart stopped during 
the administration of chloroform. Artificial respiration and other mani- 
pulation were kept up for about 10 minutes without effect. A cannula 
was then placed in the jugular vein, and a strong dose of adrenalin 
injected (-75c.c. of *1°%/, solution) and this was driven into the heart 
by injecting 5c.c. of warm Ringer's fluid. The heart began beating 
strongly almost at once, and continued to beat for a couple of hours. 
The denervated gastrocnemius was examined at intervals for half-an- 
hour after the re-establishment of the circulation; there was no fibrilla- 
tion at any time. Atropine (10 mgms.) was injected and then 1 mgm. 
of physostigmine, followed by other doses until 10 mgms, had been 
given, and the heart stopped. At no time was there fibrillation in the 

_ denervated gastrocnemius. Fibrillation was noticed in the plantaris 
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after the first dose of physostigmine; this may have been present 


earlier; it continued throughout. The prolonged absence of circulation 


had also an. effect on the other muscles. The twitchings were very 
much less than usual, and those in the right gastrocnemius involved 
in most cases. but a small bundle of fibres. Further in parts of the 
muscle there were fibrillar twitchings. 

The fibrillation is no doubt of the same nature as the well-known 
fibrillation described by Schiff and others, which occurs in the tongue 
muscles a few days after section of the hypoglossal nerve. 3 

The spontaneous fibrillation is not stopped by. curari. The most 
complete observations on this point. were made in the experiment in 
which 10 days were allowed for degeneration. The rabbit weighed 
only 1-2 kilos.; curari was given in successive doses up to 7 ¢.c. of a 
1 °/,solution, and the fibrillation was still lively. The curari solution 
was made fresh from a purified curari extract, and was very active; 
le.c. of it paralysed the motor nerves in another rabbit weighing 
1:25 kilos. 

Nicotine also, in much larger dose than is required to paralyse 
motor nerves, does not stop the fibrillation; in the experiment just 
mentioned 50 mgms. of nicotine were injected after the curari and had 
very little effect on the fibrillation. 

In the experiments two and three days after denervation, we found, 
as in the previous experiment of two days’ denervation, that. there 
was no spontaneous fibrillation, and that fibrillation was not produced 
by injecting physostigmine. Stimulation of the tibial nerve caused 


RO muscular contraction. 


_. Two experiments were made on the day following nerve section, 
one 25 and the other 29 hours after the operation, the experiments 
themselves lasting 2-3 hours. In neither case was there any spontaneous 
contraction in the gastrocnemius or soleus of the cut side. The injection 
of physostigmine gave rise to a mixture of fascicular and fibrillar con- 
tractions, the fibrillar contractions in places being marked by small 
depressions about a millimetre in length like those often seen with 
the spontaneous fibrillation. Stimulation of the cut tibial nerve 
caused some contraction, but much less than normal, especially in the 
second experiment. The fibrillar twitching as well as the fascicular 


was stopped by curari. -In the second experiment (the rabbit weighing — 


1-25 kilos.) 1 ¢.c. of 1°/, curari was sufficient to stop the twitching and 
this paralysed both peroneal and tibial nerves. Injection of 5 mgms. 
of physostigmine cniee some irritability to the peroneal nave, 
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but none to the tibial nerve which had been np ce the previous 
da 

"The coincidence of the time at which nerve irritability disappears 
with the time at which physostigmine ceases to produce twitchings is — 
strong evidence that physostigmine causes muscular twitchings by 
acting on the nerve endings, but this by itself is not quite conclusive. 
In frog’s muscle, guanidine twitches are prevented by a small increase 
in the calcium percentage of the fluid bathing the muscle, and both 
guanidine and nicotine twitches are often not obtainable if the frog 
has been kept in activity. We have seen (p. 418) that in mammalian 
muscle, the nerve may cause strong contraction after physostigmine has 
ceased to cause twitchings. It is, then, conceivable that physostigmine — 
acts on the neural region of the muscle, and that after nerve section 
its effect is stopped for a time by the action on the neural region of the 
metabolic products of the degenerating nerve endings. If this occurs 
we should expect that as the metabolic products are absorbed, fibrilla- 
tion should be increased in rate by injecting physostigmine and reduced 
to its original rate by injecting curari. The determination of this 
point is unfortunately beset with considerable difficulties, the chief 
of which is the varying distinctness of the fibrillation as it is viewed 
at slightly varying angles and with different amounts of fluid on the 
surface of the muscle. In the considerable number of observations we 
have made on this point, we did not find any striking increase in 
fibrillation on giving physostigmine, or similar decrease on giving 
curari after physostigmine. Some effect appeared in nearly all cases 
to be produced, but in view of the difficulties of observation we have 
mentioned, we feel no certainty that the appearance was not illusory. 

It may be noted that if substances which cause twitchings stimulate 

nerve endings, the fascicular character of the twitchings would probably _ 
- be due in part to axon reflexes; these would afford some explanation, 
though not a wholly satisfactory one, of the production of fibrillar - 
twitching by tenn aos on the day after nerve section. 


Summary. 
In an anesthetised rabbit or cat, physostigmine in addition to 
causing the irregular muscular movements which are already known, 
causes nystagmus and rhythmic movements of the nictitating membrane. 
_ In the rabbit the nystagmus may take the form of a slight rapid regular 
movement. All these movements, and to a slight.extent the fascicular 
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muscular twitchings also, are of central origin. All the contractions 
in striated muscle which are of central origin are (in the anesthetised 
animal) decreased or stopped by a few milligrams of atropine. The 
effect of atropine appears to be partly due to an anesthetic action and 


a partly to a direct antagonism to physostigmine. 


Atropine has no effect on the muscular twitchings caused by physos- . 
tigmine so far as they are of peripheral origin. CaCl, must be given 


‘in large amount in order to abolish the twitchings. 


The peripheral twitchings caused by a small dose of physostigmine 
cease when a sufficiently large dose is given. 

After physostigmine has been given, tetani¢ nerve stimulation gives 
rise in certain circumstances to fibrillar twitchings which may continue 


for a short time after the stimulus has ceased. 


_ The-secretion of sweat in the foot of the cat caused by a small. dose 
of physostigmine is greatly decreased or stopped by section of the sciatic 
and crural nerves. In this and a number of other cases the primary 
effect of physostigmine appears to be an excitation of’ centres in me 
central nervous system. 
When curari is: given in dose just sufficient to paralyse thé motor 
nerves, the nerve irritability can be raised by. physostigmine above the 
normal level without causing twitchings. We conclude that conditions 
which allow the production of twitchings are to some extent different 
in character from those which allow 


nerve to muscle. 


When curari is given in dose two to three times as great as that 
just sufficient to paralyse the motor nerves, physostigmine in large 
amount neither restores nerve irritability nor causes twitchings. The 
absence of effect is not due to curari paralysis being replaced by physos- 
tigmine paralysis, since physostigmine in very large amount does. not 
paralyse motor nerves. Thus the power of physostigmine to antagonise 
curari depends in this case chiefly on the concentration of curari and 


not upon the relative concentration of physostigmine and curari. 


Physostigmine in doses sufficient to have a strong effect on the 
oro-anal nervous system has so far as we have seen no definite effect 
on the peripheral sympathetic system. 

In the fowl the effects of physostigmine are in general similar to 
those.in the mammal, except that there is thythmic contraction of the 
iris, the muscular twitchings of central origin are few, and there are 
no—or very few—twitchings of peripheral origin. A few milligrams 
of atropine stop the effects of central origin. Tetanic stimulation after 
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physostigmine was tried in one experiment; in this there was a steady — 


contraction which lasted for a minute or more after the end of the stimu- 
lation. The tonic contraction shown by Edmunds and Roth to be 
caused by physostigmine was abolished by large doses of calcium salt 
in the two experiments made. ee 
- Although a large dose of physostigmine causes few or no twitchings — 
of peripheral origin in the frog and the fowl, a small dose (1 mgm.) . 
lowers the threshold of nerve excitation. oS 
On the day following section of the tibial nerve, stimulation of the 
nerve still causes muscular contraction but the contraction is weaker 
than normal, Physostigmine causes twitchings which are partly 
fascicular and partly fibrillar. Both are readily stopped by curari. 
About two days after nerve section, the nerve ceases to be capable 
of causing contraction. On the second and third days there are no 
spontaneous twitchings, and physostigmine has no effect. | 
On the fourth or fifth day spontaneous fibrillar twitchings begin ; 
_ they increase in rate and extent for about a fortnight and continue up 
to 71 days, the longest period observed. The degree of fibrillation 
varies in different parts of the denervated muscle; it occurs both in 
white and in red muscle. When well developed the muscle presents 
a continuously quivering surface; this is best seen when the surface 
is well moistened with warm Ringer’s fluid. When there is but little 
fluid, the fibrillation appears as short depressions, occurring now here, 
now there, on the surface. The contractions of any one fibre have a 
regular rhythm. The fibrillation is only seen when the muscle is 
looked at from certain angles, and its distinctness varies with the — 
angle. Curari (7 ¢.c. 1°/, solution) and nicotine (50 mgms.) have little 
or no effect on the fibrillation. | 
Physostigmine does not cause any marked increase in the spontaneous 
fibrillation, and curari after physostigmine does not cause any marked 
decrease. We were however not certain that these drugs had no effect. 
As has been remarked at the beginning of this paper, the lack of 
coincidence between the time after nerve section at which the nerve 
endings show granular degeneration (2-3 days) and the time during ~ 
which physostigmine was said still to cause twitchings (18 days), rendered 
the theory of the action of physostigmine on nerve endings extremely 
improbable. The results given in this paper have justified the argument, 
but at the same time by showing that the physostigmine reaction is 
not obtainable on the second and third day after nerve section, they 
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give strong support to the theory. The facts now fall in line with 
those obtained by Andersonaé) on the pupil; he found that two 
days after section of the post-ganglionic ciliary nerves, physostigmine 
ceased to cause contraction of the sphincter of the iris. Whilst the 
balance of evidence is now in favour of physostigmine having an action 
both on the neural region of the muscle causing tonic contraction, and 
on the nerve endings causing twitching, there are in our view some 
points still to be settled before the action on ” nerve _——— can 
be considered to be definitely proved. | ; 
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THE RATE OF LOSS OF WEIGHT IN SKELETAL 
MUSCLE AFTER NERVE SECTION WITH SOME 
OBSERVATIONS ON THE EFFECT OF STIMULA- 
TION AND OTHER TREATMENT. By J.N. LANGLEY 
anp TOYOJIRO KATO. 


(From the Physiological Laboratory, Cambridge.) 


Our observations on the effect of physostigmine on denervated muscle? 
gave us an opportunity of noting the effect of nerve section on the 
weight of the muscle. In all cases but one the internal popliteal 
(tibial) nerve was cut, and the gastrocnemius, soleus and plantaris 
muscles with their tendons up to the level of insertion of the tendo 
Achillis were weighed after death; these muscles for brevity may be 
‘spoken of as the gastrocnemius group. In one case the external popliteal 
(peroneal) nerve was cut, and the tibialis anticus muscle and extensor 
digitorum ped. com. weighed. 
‘In Table I the results are given of the observations in which the 
nerve was cut on one side only and in which there was no massage or 
stimulation employed. We give also (a) the weights of the. tibialis 
anticus muscle and ext. digitorum ped. com. as-an indication of the normal 
variation in weight of the muscles on the two sides; and (b) the weights 
of the rabbits at the time of death in order that some idea may be formed 
of the loss of weight in the cases in which the nerve supply of both | 
muscles was severed; it will be seen that though in general the weights 
of the gastrocnemius and of the animal run fairly parallel, there are 
some not inconsiderable exceptions. It is possible that these exceptions 3 
are in part due to differences in the amount of food in the ali- 
mentary canal, and it would probably be better.in future experiments 
to weigh the animals after removing the stomach and cecum. The 
calculation of the percentage change in weight is made on the sup- a 
position that the muscle of the denervated side would have been of _ 
| 
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section. The data given in Table I of the weights of the m. tibialis 
anticus on the two sides indicate that the error involved in this 
ik ana is as a rule small. 


Gastroonemius growp denervated om one 


The weight is in grams; the figures for the weight on the denervated side are in italic type. ne 


after Weight of of 
of Percentage Tibialis anticus and ‘rabbit at 


Exp. nerve” = rain or dig: pod. comm 

1 1 508 525  ~- 32 1-08 1-93 1150 

2 1: 585 5-87 + 03 2-46 2-45 1250 

3 2 7:38 - 14 243 2-49 1250 

4 2 9-68 959 + 009 308 3406 1720 

5 3 6-60 6-25 ~ 53 213 212 1080 

6 4 977 10-18 365 314 3-58 1700 

7 5 $56 Ml - 60 284 3409 1420 

8 7 1099 9-69 ~18 350 362 1650 

9 12 1047 -21 376 373 1550 

10 14 844 6-05 -2%3 301 282 1360 
11 30 1092 6-07 -444 395 378 1650 
12 3 -473 3-45 1450 


The percentage change in weight in the several experiments is 
shown graphically in Fig. 1 by the solid black dots. The symbol © 
represents experiments in which the denervated muscle was stimulated 
and will be referred to later. Since the rabbits were not fully grown 
the “loss of weight” represents the actual decrease in muscle weight 
+ the amount which the muscle would have gained but for the nerve 
section. It will be seen that the loss of weight begins in two to three 
days, is rapid for about a fortnight, at the end of which time it is nearly 
30°/,, and then continues at a decreasing rate, the loss being in five 
weeks nearly 50°%,. The curve drawn in Fig. 1 represents what we 
take to be the general course of the loss of weight in the denervated 
gastrocnemius, but this no doubt varies somewhat according to the 
state of nutrition. 

In surgical practice for the restoration of nervous control after 
severance of nerves in man, the muscles are massaged and stimulated 
electrically in order to delay muscular atrophy. The stimulation is 
based on the view that the muscle atrophy is due to inactivity. This 
view has lost some of its force, for, as we have shown elsewhere (op. 
cit. supra), the atrophying muscle of the rabbit—and so probably that 
of other mammals—is in a state of continuous fibrillation, i.e. the 
muscle fibres have a rapid rhythmic contraction which, though weak, 
28—3 
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never ceases. It is a. matter of guess work whether this activity is 
jess or more than the normal activity, though it is obviously - a 
different character. 

We have made some observations on the effect of massage, siabaitn, 
and electrical stimulation on the rate of atrophy of denervated muscle. 
It must be noticed that the gastrocnemius muscle in the rabbit is a 
very unfavourable muscle for electric stimulation, since the larger 
upper part of it is covered up by the thigh muscles, and this part does 
not contract when the electrodes are applied to the skin unless very 
strong currents are employed, which is ——, on several teas 


5 Dave 


or 


Fig. 1. 


The experiments were of two kinds: in one the nerve was cut on 
one side only and the denervated muscle stimulated; in the other the 
nerves were cut on both sides and the muscle on one side stimulated. 
The treatment in the several cases is given in Table II with other data. 
In the Table, “massage” means gentle kneading of the muscle and 
squeezing it from below upwards; “extension” means that the leg 
was alternately flexed and extended at the ankle. The stimulation was 
by condenser shocks, -016—-025 microfarad (Lewis Jones’ apparatus’). 

As regards the experiments in which the nerve was cut on one side 
the effect of stimulation, if any, can only be ascertained by —* 


+ Lewis Jones. Proc. Roy. Soc. Med. vt. p. 49. 1913. 
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the loss of weight in the denervated muscle with the loss in the cases 
in which the nerve was cut and not stimulated (see Table I). Taking 
the curve in Fig. 1 as representing the rate of atrophy in unstimulated 
denervated muscle, we have the following results. In Exp. 13 there 
were brief massage and during the last 14 out of the 25 days slight 
electrical stimulation; the loss of weight was 37-8, against 41°, of — 
the unstimulated muscle. In this case the treatment had at most 
little, and may have had no effect. In Exp. 14, the daily massage 
was of about the same duration, but it was combined with rhythmic 
extension of the muscle; the loss of weight in nine days was 12-3%, 
against 16-4°/, of unstimulated muscle. The difference is not outside 
the limits of error, but it tends we think to show that rhythmic extension 
has some beneficial effect. In Exp. 15 the muscle was effectively 
stimulated with condenser shocks, the loss of weight in 10 days was 
129%, against 18°5°%, of the unstimulated: muscle. The difference 
here is greater, and though it cannot be said with certainty to be outside 
the limits of error, it indicates so far as it goes that electrical stimulation 
is beneficial and more beneficial than rhythmic extension. 

The experiments in which the nerves were cut on both sides give 
a more satisfactory basis for drawing conclusions, although there is a 
source of error in the normal difference in the weight of the muscles 
on the two sides of the body. Ordinarily this is slight, but in particular 
instances it may be considerable. In Exp. 16 brief massage for 17 
days with slight electrical stimulation for the last seven days had no 
appreciable effect on the muscle. In the other three experiments two 
on the gastrocnemius group and one on the tibialis anticus group, the 
muscle was distinctly heavier on the stimulated side. This affords 
some evidence that a certain degree of electrical stimulation delays 
muscular atrophy. The evidence is not conclusive because the number 
of experiments is small. Moreover the details of the results present 
certain difficulties. In the two gastrocnemius experiments the gain 
in weight is not proportional to the degree of stimulation; the gain 
was greater in Exp. 17 though the stimulation was less. In the course 
of the experiments we noticed that the stimulation often caused flexion 
of the leg of the opposite side, usually without any body movement. 
Accurate observation of this was not made, since attention was con- 
centrated on observing on the stimulated side the slight movement of 
the foot showing contraction of the gastrocnemius. But on analysing 
the figures of the weights of the muscles on the two sides, it was obvious 
that the weight on the unstimulated side was greater than that which 
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it should be on the basis of the curve of atrophy of Fig. 1. Thus in 


Exp. 17 the unstimulated muscles after 28 days’ denervation weighed 
7-65 grams. According to the curve (Fig. 1) the muscles should have 
lost 43°, of their original weight, so that the original weight 
should have been 13-4 grams. But the rabbit at death only weighed 
1670 grams, and the maximum weight of the gastrocnemius group 
which we have found in a rabbit of 1670 grams is 10-99 grams. Reckoning 
in the same way the original weight of the muscles in Exp. 18 should 
have been 14-8 grams. Either then both of these rabbits formed great 
exceptions to the ordinary relation of weight of the gastrocnemius 
_group to body weight, or the stimulation on one side had delayed the 
atrophy on the other side. Now Exp. 15 (Table Il) suggested that 
rhythmic extension of the muscle delays atrophy; if this is so the 
flexion of the leg, which we have mentioned as often occurring on 
the opposite side to that stimulated, would delay the atrophy. Thus 
the difference in the weights of the two muscles would depend not only 
on the degree of active contraction produced on one side, but also on 
the relative degree of passive extension produced — on the two 
sides, 
In Exp. 19 in which the peroneal nerve was cut on both sides and 
the m. tibialis anticus with more or less of the extensor dig. ped. com. 

on oneside was stimulated, the weight of the muscles on the unstimulated 
side after 71 days was 2:15 grams. If we take 3-5 grams. as the weight 
the muscle would have had but for the nerve section (in accordance 
with the general results given in Table I) the loss of weight was 44-3 °/,. 

In the experiments on the gastrocnemius group (cf. Table I) in which 


the tibial nerve was cut on one side and neither side stimulated, there © 


was an equal loss in 30 days. The slower atrophy in the tibialis anticus 
may have been due to more frequent passive extension of the muscle 
or to the natural rate of atrophy being slower than in the gastrocnemius. 

In these experiments we think it is certain that the stimulation 
rarely caused contraction of the deeper fibres of the upper end of the 
gastrocnemius and plantaris. Both with bipolar and with unipolar 
stimulation of the exposed muscle the contraction was more or less 
confined to the superficial fibres, especially in the later stages of dener- 
vation. If then the greater muscle weight found on the stimulated 
side in the foregoing experiments was really due to contraction, it follows. 
that the gain would have been appreciably greater if the whole of the 
fibres had been caused to contract. It was from this point of view 
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into the plantaris. Although in this case the procedure had no obvious 
effect we cannot but think that if more efficiently applied it would be 
advantageous in certain cases. It is practically certain that if electrical 
stimulation has a beneficial effect, the optimal effect will be with that 
current which is just strong enough to cause contraction. In the 
ordinary methods of stimulating muscle through the skin—whether by 
unipolar or bipolar methods, with currents of short or of long duration— 
the intensity of the current is much greater in the superficial than in — 
the deep fibres, and we think it doubtful whether the latter can be 
stimulated without using currents injurious to the former. 
It is well known that. denervation besides-causing loss of weight in 
a muscle causes it to become less excitable to electrical stimuli of short 
duration, and to contract more slowly. We did not make many obser- 
vations on these changes, but after 28 and 71 days the muscle on the 
side which had been daily stimulated gave a very local contraction 
with condenser shocks, and both contraction and relaxation were 
markedly slower than in the early stage. And the daily stimulation 
did not prevent the occurrence of fibrillation. Either then the daily 
induced contractions were insufficient in number to replace the normal 
contractions, or the change in the muscle following nerve section is 


SuMMARY AND REMARKS. 


Observations were made on the change of weight in muscle caused 

by section of its nerve. They were made on growing rabbits so that 

the difference in the weight of the denervated and of the normal muscle 

e was, in the cases of longer duration, not wholly due to loss of substance 

a but in part to absence of growth. For convenience however the less 
ay weight of the denervated muscle is spoken of as due to atrophy, 

In twelve experiments the tibial nerve was cut upon one side, and after 

a variable time the gastrocnemius, soleus and plantaris muscles on the 

two sides weighed. The curve formed with the percentage loss of 

weight as ordinates (the normal weight being taken to be that of the 

muscle with intact nerve) and duration of denervation as abscisse, 

_ was-fairly regular. The group of muscles begin to lose weight in about 

three days and then lose it rapidly so that by the end of the second 

week the loss is nearly 30°/,, the rate of loss then decreases but at the 

end of five weeks is nearly 50°/,. The rate however no doubt varies 

in different nutritive conditions and with different degrees of exercise. 
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- The fact that in the rabbit—and so probably in other wie 


denervated muscle’ is in a state of continuous fibrillation makes it 


a ‘priori an open question whether the further activity caused by 


@lectrical stimulation will be beneficial or no. A few experiments were 


made’ on the effect of electrical stimulation and other treatment. The 


| It was found that stimulation of a denervated muscle through the 


they tended to show that electrical stimulation with condenser shocks 


- delays the atrophy, that rhythmic extension of the muscle has a similar 


but less effect, and that gentle massage for a like time has little if any 


effect. The stimulation did not prevent the fibrillation, nor the sluggish 


contraction characteristic of denervated muscle. 


skin caused the superficial fibres only to contract, unless strong currents 
were used. It is probably important to equalise the strength of 
contraction. This consideration suggests that it may be an advantage 
in certain cases to pass one or more platinum wires through the muscle 
in order to facilitate the stimulation of the deeper fibres. 

-' [tis of considerable practical importance to determine the best 
means of delaying muscle atrophy, since the better the condition of the 
muscle the quicker will be complete restoration of voluntary control 
after motor nerves have been severed, The observations recorded in 
this Paper seem to us to emphasise the need of a comprehensive investi- 


experiments were not numerous enough to give decisive results, but 
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_DIURESIS—THE PITUITARY FACTOR. 
By DOUGLAS COW (Beit Memorial Research Fellow). 


In} previous communications 0, @) I have pointed out that the diuresis 


produced by injections of extract of duodenal mucous membrané is 
of a different type from that produced by injections of saline solutions; 
that when given in strictly physiological amounts an injection of saline 
solution or of water produces no increase in diuresis, whereas the same 
amount given by the mouth produces a distinct increase; and further 


I made the suggestion that there exists in the gastro-intestinal mucous _ 


membrane a substance which presumably is taken up by water during 


. absorption from the gastro-intestinal tract, and that this substance 


either directly or indirectly is largely concerned in the production of 
diuresis. 

One point in particular appeared to call for further investigation, 
to wit the long latent period (usually about 30 minutes) which occurs 
between an intravenous injection of duodenal mucous membrane 
extract and the onset of increased diuresis. It was the occurrence of 


this latent period which suggested that the action was indirect. I have 
‘continued my observations, using various methods. 


Oncometric experiments, Cats of 2-3 kilos. body weight were 


‘anesthetized first with a.c.z. mixture and then with urethane: the 
blood-pressure was recorded by a mercurial manometer from the carotid 


artery: the urine flow was measured by means of the bladder cannula 
which I have already described(@) and a drop-recorder, as well as by 
measuring the amount excreted during the unit period of time (usually 
10 minutes) throughout the experiments: one kidney was placed in 
an oncometer and a record of the kidney volume and volume-pulse 


taken throughout. 


It was found that the kidney volume remained fairly constant after 


intravenous injection of Ringer’s solution in amounts of 10 or 12c.c., 
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whilst after injection of similar amounts of extract of duodenal mucous 


membrane the kidney volume began to rise in about 30 minutes and 
rose steadily for 30 to 40 minutes, reaching its maximum at a time 
corresponding with the height of the increase in diuresis ; after which 
it gradually fell away in company with the excretion of urine. More- 
over the degree of renal vasodilatation, as judged by the volume pulse, 
equalled, and in one case exceeded, that, produced by an intravenous 


injection of pituitrin which produced a flow of urine at the sate of fe : 


16 c.c. in 10 minutes (Fig. 1). 


Fig. 1. Cat. The upper, shaded curve represents the degree of renal vasodilatation 
shown by the oncometer: the lower curve the flow of urine. The dotted portions 
of the lower curve represent the immediate increase after the two injections. At 
11.40, 10 c.c. Ringer’s solution; at 1.40, 10 c.c. extract of duodenal mucous membrane 


and at 4.30, 0-50.c. pituitrin were injected intravenously. Ordinate = urine in 


_ drops per 10 mins. Abscissa = time in hours and minutes. 


Kidney perfusion experiments. The kidneys of a series of cats 


were perfused in situ; the technique adopted was as follows: the — 


animals were anesthetized first with A.c.z. mixture and then with 
urethane; the bladder cannula used in all these experiments was tied 
in the bladder, and the urine collected and measured at regular intervals ; 
the animals were eviscerated (intestines and spleen); the perfusion 
cannula pointing towards the abdomen was tied into the aorta imme- 
diately above the diaphragm; all visible branches of the aorta between 
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the point of insertion of the cannula and the origin of the renal arteries 
were ligatured: the aorta was ligatured below the renal arteries. 
The perfusion fluid was collected by means of a cannula inserted in 

_ the inferior vena cava just above the point of confluence of the renal 
veins, whilst the vena cava was ligatured immediately below these _ 
vessels. These manipulations were so arranged that the minimum of 
time elapsed: between the shutting off of the blood supply to the kidneys 
and the establishment of the perfusion circulation; as a rule the interval 
was only a few seconds. As soon as the perfusion circuit was established — 
the animals were killed by bleeding from the aorta or one of its branches 
above the point of insertion of the perfusion cannula. The perfusion . 
fluid was led to the cannula at a constant pressure of 80-100 mm. Hg 
and at a constant temperature of about 37° C. 

This method of kidney perfusion entails no manipulations of the 

kidneys: they and their connections with the body remain.in their 
Eu natural condition. The animals were kept on the hot stage throughout 
— the experiments, a little warm saline solution being placed in the 
( —_ peritoneal cavity when all the manipulations were complete and before 
closing the abdominal wound. — 
ae In all these experiments Ringer’s solution was perfused for the © 
>  __ first period (60 minutes at least). During this period there was always 
t a fall both in the amount of fluid perfusing through the kidneys and 
in the amount of “urine” excreted. 

(If for any Treason & circulation through the sepuiieial bodies is 
not included in the perfusion circuit, as for example if the perfusion 
cannuls are inserted directly into the renal arteries, the flow of both 
perfusion fluid and “urine” tends to increase(4).) : 

After this preliminary period of perfusion with Ringer’s solution 

a various solutions were substituted for the saline solution, such as: 
i¥ 1. Ringer’s solution extract of duodenal mucous membrane. 
Poe 2. Ringer’s solution extract of duodenal mucous membrane which 
had been perfused previously through (a) the general circulation, 
(6) the head and neck circulation, (c) neck circulation without access — 
to the head, or (d) circulation of hind limb, of another animal for periods 
varying between 14 and 4 hours. 

3. ° Ringer’s solution only, previously perfused as under 2. 7 

4. Ringer's solution extract of duodenal mucous membrane 
previously oxidized. 

5. Freshly prepared Ringer’s solution. extracts of pituitary body, 
thyroid gland and pancreas. — | 
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6. Freshly prepared Ringer’s solution extracts of the organs 
specified under 5 together with extract of duodenal mucous membrane. 

It was found that, whereas there was in every case a progressive 

- diminution in the amount of “urine” excreted and in the amount of 
_ fluid perfusing through the kidneys during perfusion with plain Ringer’s 
solution, after changing to extract of duodenal mucous membrane 
which had been perfused either through the general circulation or 
through the head and neck circulation the amount of “urine” excreted 


350 


¢.c. OF 2650 
PERFUSION 


FLUISO 150 
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Fig. 2. Perfusion of cat’s kidneys. The upper curve represents the rate of flow of 

| perfusion fluid: the lower, shaded curve the amount of “urine” excreted. From 
11.30 to 12.30 Ringer’s solution was perfused; from 12.30 to 2.0 plain extract of 
duodenal mucous membrane was added to the perfusion fluid; from 2.0 to 3.0 the 
perfusion fluid consisted of Ringer’s solution to which was added extract of duodenal 
mucous membrane which had been perfused previously through the general circu- j 
lation of another cat. Ordinate = c.c. of urine per 15 mins., and o.c. of perfusion 4 
fluid per 15 mins, Abscissa = time in hours and minutes. 


and the rate of flow of perfusion fluid increased: moreover this increase — : 
was perceptible during the first time unit following the change in the 
perfusion fluid; in other words the effect was produced at once and 
_ without the delay which is characteristic of the diuresis produced by 
intravenous injections of extract of duodenal mucous membrane 
(Figs. 2 and 3). | 
On the other hand when the perfusion fluid was changed to either 
plain extract of duodenal mucous membrane, extract of duodenal 
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mucous membrane previously perfused through (a) neck circulation 
only without the head, (6) circulation of hind limb, or extract of duodenal 
membrane previously oxidized, no increase occurred either in the amount 
of “urine” or in the rate of perfusion flow (Figs. 2 and 3). 

Again Ringer’s solution which had been perfused through the 
general circulation of an eviscerated animal produced no change either 
in the amount of “urine” or in the rate of perfusion flow, when perfused 


Fig. 3. Perfusion of cat’s kidneys. The upper curve represents the rate of flow of perfusion _ 
fluid: the lower, shaded curve the amount of “urine” excreted. During the period 
A (1.30 to 2.30) Ringer’s solution was perfused; during the period B (2.30 to 3.30) 
Ringer’s solution + plain duodenal mucous membrane extract; during the period C 
(3.30 to 4.30) Ringer’s solution + extract of duodenal mucous membrane previously 
perfused through the head and neck circulation of another cat. Ordinate = urine 
in ¢.c. per 15 mins, and perfusion fluid in o.c. per 15 mins. Gane home 
and minutes, 


through the kidneys; in a sila experiment, in which Ringer’s chasis 
which had been perfused through the general circulation of an intact 
(not eviscerated) animal was perfused through the kidneys, there 
appeared to be a slight increase. 

When the perfusion fluid was changed to Ringer’s solution extracts 


| of the various glands used, the only. cases in which any change occurred — 
- were those in which the perfusion fluid contained extract of the pituitary — 


body. In these cases too there appeared to be a more distinct increase 


3; 
3 
4 
¢ 
1 
¢ 
. 
q 
4 
4 
| 
3 
= 
a 
A 
4 
~ N 
4 
ig 
> 
q 
q 
q 
€ 
} 
og 
t 
7 
ly 
OG 
> 
A 
~ 


when the perfusion fluid contained a mixture of pituitary extract and 
duodenal mucous membrane extract than when pituitary extract only 


was present. I do not however wish to lay any stress on this point 
until further investigation is completed. 


These results, without by themselves affording any conclusive | 


evidence, certainly point to the pituitary body, an organ which gives 
an extract of known diuretic action, as the connecting link between 
the introduction of duodenal mucous membrane extract into the circu- 
lation and the resultant diuresis. Moreover the latent period between 


_the injection of this extract into the circulation and the onset of the 


increased diuresis could be explained, particularly in the light of other 
results to which I now proceed to refer. _ | 

Experiments on the pituitary body. 1 have shown in a communication 
published recently (5) that the injection of duodenal mucous membrane 
extract into the circulation is followed by certain changes in the 


pituitary body, and that after varying periods (usually about one hour) 


after such injections the cerebrospinal fluid comes to contain an active 
principle which is not present, or is present only in minute quantities, 
in normal cerebrospinal fluid; and which appears to be identical with 
the ordinary pituitary. active principle (or principles). The technique 
adopted in arriving at these results, which need not be further discussed 


here, was such that in all likelihood the active principle was in reality 


present in the cerebrospinal fluid some time before its presence could 
be demonstrated. Therefore it does not follow that, because the 
presence of pituitary active principle in the cerebrospinal fluid could 
not be demonstrated tll about an hour after intravenous injection 


of duodenal mucous membrane extract, the diuretic effect of duodenal — 


mucous membrane extract is not due to the pituitary body. On the 
contrary, with the exception of this slight divergence in the length of 
the latent period observed in the different series of experiments, which 
_ divergence is capable of a simple explanation, all my results point to 
the sequence of (1) ingestion of water into the gastro-intestinal tract, 


(2) absorption of the water which during absorption presumably takes. 


up some substance from the intestinal mucous membrane (alter- 
natively for 1 and 2 intravenous or subcutaneous injection of extract 
of duodenal mucous membrane), (3) activity of the pituitary body, 


(4) increase in diuresis. 


Other forms of experiment. In intact animals, whose pituitary bodies — 


had been destroyed by cautery, in which the flow of urine was recorded, 


intravenous injections of duodenal mucous membrane extracts produced - 
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no increase in diuresis apart from the slight increase immediately 
following the injection, which immediate increase follows injections 
On 


Fig. 4. Urinary flow of depituitarized cat. At 12:0, 10.0.6. extract of duodensl mucous 


membrane injected intravenously. Ordinate =.c. of urine per 16 mins. Ab- 
scissa = time in hours and minutes. 


0 
5. Urinary flow of cat (pitu body intact). At 45’, 10 c.c. extract of duo- — 
Mig. Usiaary flow of © “Ordinate = urine in 0.0. por 


15 mins. Abscissa = time in minutes. 
the other hand, when extract of duodenal mucous membrane is 
— 5). | 
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— It is to be noticed that during the diuresis provoked by injection 
of duodenal mucous membrane extract, the blood-pressure remains more 
- or less constant or shows a slight progressive fall for the first half-hour 
or so after the injection ; after this it rises slightly and remains somewhat 

elevated during the height of the diuresis. This elevation of blood- 
pressure is obviously not due directly to the injection, since it is not in 
evidence until after the lapse of a considerable time; furthermore it is 
long drawn out, an effect such as one would expect to follow the gradual 
pouring into the circulation of minute quantities of pituitary active 
principle (Fig. 6). : 


| 


Fig. 6. Cat, a.c.z., urethane. Carotid pr. Urine flow in drops and base-line. 


A = Be, and urine-flow(1.0) immediately before injection of extract of duodenal m.m 
B= » (1.3) during immediate increase. 


» (115) latent period. 
» (1.30) delayed increase commencing. 

» (1.45) during delayed increase. 

Fm ” (2.0) ” ” ” 

G= , ” ” (2.16) ” 

H= » » » ” 

» (2.46) delayed increase passing off 


Note. Sustained increase in BP, during period covered by F and @. 
_ Since in most of my experiments on the intact animal I had given 
a control injection of Ringer’s solution first, followed two hours or 
more later by the injection of duodenal mucous membrane extract, 
the possibility. suggested itself that the effects of the second injection 
might be influenced in some way by the first injection. That this 
explanation is not the true one is shown by the results of experiments 
in which the animals received repeated injections of Ringer’s solution — 
only (Fig. 7). 

_ Binee publishing my last communication on this subject a paper 
by Hashimoto@) emanating from the Pharmacological Institute of 
Vienna has appeared, in which the author concludes that extracts of 
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duodenal mucous membrane affect the excretion of urine only by virtue 
of their saline content. His main argument is that injection of salt 
solution of the same percentage as that in an extract of duodenal mucous 
membrane causes diuresis. This in certain cases is no doubt true, but 
Hashimoto overlooks the fact that the character of the diuresis 
produced is different in the two cases: the diuresis caused by salt 
solutions is practically immediate, whilst the “specific” secretion 
caused by extract of duodenal mucous membrane occurs, as I have 


_ already shown (2), after a long latent period. This difference is brought 


out in Fig. 8: in the experiment Ringer’s solution was first injected 
and then an extract of duodenal mucous membrane in which the 
percentage of salt was identical with that in the Ringer’s solution. 


60 


30 


Fig. 7. Urinary flow of intact cat. At 12.35 and at 2.30 separate intravenous injections 


each of 10 c.c, Ringer’s solution, were given. Ordinate = drops of urine per 10 mins. 
Abscissa = time in hours and minutes. 3 


The part of the curve shaded with cross-hatching represents the normal 
diuresis plus that caused by the salt solution; the part in solid black 
represents that due to the “specific” action of the extract of duodenal 


‘mucous membrane. Results of the same character were obtained in 


a number of other experiments with salt content varying from 0-35°/, 
to 3-0%,. Injection of Valentine meat juice in Ringer’s solution 
(salt content 1-835 %/,) produced a prolonged immediate increase, whilst 
duodenal mucous membrane extract, no matter what the salt content 
might be, produced the typical effect of a delayed increase following 
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a latent period, without much apparent difference in the curve corre- 
sponding with a difference in salt content. In a few cases, particularly 


those in which the salt content was high, an injection of duodenal 


mucous membrane extract produced an increase in diuresis with a 
curve resembling that produced by a strong saline solution: my inter- 
pretation of this is that the immediate increase due to the salt content 
was sufficiently prolonged to obliterate the latent period and to become 
fused with the delayed increase due to the extract. — | 
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Fig. 8. Urinary flow of cat. At 12.0, 10.c, Ringer’s solution injected intravenously. 
At 1.30, 10 c.c, extract of duodenal mucous membrane (see Text). Ordiriate = urine 
in drops per 15 mins, Abscissa = time in hours and minutes. 


Throughout his experiments Hashimoto used 10c.c. of fluid per 


kilogram of body weight: in my experiments 10¢.c. for an animal 
— of about 2-5 kilos, has been as a rule the maximum quantity administered. 
If enough fluid is given, no matter what the method, an increase in 
diuresis of a certain duration is bound to take place. 

The thesia advanced by Hashimoto that the diuretic effect of 


extracts of duodenal mucous membrane is due entirely to their salt 


content takes no account of: oe 
1. .The latent period preceding the diuresis. | ee i 


ie The loss of diuretic activity which occurs on keeping an extract 
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of duodenal mucous membrane. (Presumably the salt content does — 


not change.) I have shown already (2) that such loss of activity takes 


3. The fact that plain duodenal mucous membrane extracts when 

sed through the renal vessels produce no increase in diuresis, 

though if the extract has been perfused previously through either the 

| general circulation or through the head and neck circulation an increase 
in diuresis takes place which is both distinct and immediate. 

4. The fact that extracts of duodenal mucous membrane produce 


hyperactivity of the pituitary body. 
ConcLusIons. 


1. The inorease in diuresis which follows injection of extracts of 
duodenal mucous membrane is: 
(a) Independent of the salt content of such extracts, though 
such salt content may also produce an increased flow of urine. 
(0). Indirect. 
_.. {e) Dependent on activity of the pituitary body, which is stimu- 
lated by the injection of such extracts. 
2, The probable sequence of events concerned in the production 
of diuresis is; 
(a) Ingestion of fluid by the mouth. 
-(b) Absorption of such fluid from the gastro-intestinal tract, and 
_ the absorption by such fluid of some substance contained in the gastro- 
intestinal mucous membrane. 
(c) Stimulation of the pituitary body by this substance. 
(d) Tncreased diuresis. 
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THE AFFINITIES OF HAMATIN. By J. A. MENZIES. 


(From the Physiological Laboratory of the University of Durham 
College of Medicine, Newcastle-upon-Tyne.) 


In @ paper published i in 1895) I drew attention to the fact that when 


acid hematin is prepared by the addition of dilute acid to blood or to 
a solution of oxyhemoglobin, and when ammonium sulphide i is subse- 
quently added to the solution so as to produce the conversion of the 
hematin into hemochromogen, the spectroscopic characters of the 
fluid change on standing from those of the latter substance to those of 
hemoglobin, and, on shaking the solution with air, the spectrum of 
hsemoglobin gives place to that of oxyhemoglobin. I failed, however, 


to obtain this result on mixing a protein-free solution of hematin with — 


globin solution, and concluded that this failure was probably due to 
the fact that the hematin and globin in the latter experiment were 
obtained from animals of a different species. 

The apparent resynthesis of hemoglobin from acid hematin and 


globin was confirmed by Ham and Balean in 1905), and these — 
authors further stated that they had been able to synthesise hemoglobin | 
by mixing a solution of hamin with egg-white. So far as I am aware, 

this statement of Ham and Balean has neither been confirmed 
nor controverted, and I have therefore recently made a large number of — 


- experiments with a view to throwing further light —_ the problem 
of the possible synthesis of hemoglobin. 
In order to demonstrate that a true synthesis takes place it is 


necessary in the first place to obtain protein-free solutions of hematin. — 


Ham and Balean used a solution of hemin prepared by the method 
of Chalfejew. Some of my experiments were made with hematin 
obtained in this way, but I have found it more convenient as a rule 
to make hematin by a modification of the well-known potassium 


carbonate method(4). The protein-free solution of alkali hematin in 


66 per cent. alcohol obtained by this method is treated with baryta 
mixture, and the —. precipitate of a barium compound of hematin 
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H&MATIN. 


is collected, washed with dilute hydrochloric acid till the washings are 
slightly coloured, then with distilled water, alcohol, and finally with 
ether, then dried and dissolved in dilute potassium hydrate or sodium 
carbonate solution. The alkaline solution is neutralised by means of 
dilute hydrochloric acid, and the precipitate of hematin is washed with 
distilled water and dried. Most of my experiments have been made 
with hematin obtained from sheep’s blood by this method, but hematin 
from the blood of the ox, dog, cat and rabbit has also been used. A few 


experiments were made with hematin prepared by peptic digestion of 


hemoglobin and purified in the manner described above. 
In the attempts made to recombine hematin and globin derived 


_ from the same animal a solution of dog’s hemoglobin crystals was 


treated with hydrochloric acid, and hematin was precipitated by 
neutralisation, filtered off and washed free of protein. The filtrate 
from the original solution gave protein reactions and was casincd as & 
solution of globin. 

As is well known, hematin in the dry state is indchabite in acids, but 
is readily soluble in dilute alkali. The precipitate obtained when the 
alkaline solution is neutralised, however, is soluble in excess of acid, 
so that the moist precipitate would appear to be a hydrated form of 
the dry substance. When an alkaline solution of pure hematin is 
dialysed, no precipitation occurs, and the reaction of the solution 
becomes approximately neutral to litmus. The spectrum of such a 
dialysed -solution shows two ill-defined bands in the green, slightly 


nearer the violet end than the bands of oxyhemoglobin. These bands, 


in fact, have their centres in.the same position as those of the HbCO 
bands, except that the centre of the 8 band is a shade nearer the violet 
end than is the case with the corresponding HbCO band. The spectrum 
of dialysed alkali hematin thus corresponds with that described by 


Bertin-Sans and Moitessier as that of “oxidised hemochromogen.” 


When a reducing agent, such as hydrazine hydrate, is added to this 
substance, the spectrum changes at once to that of hemochromogen. 
When an acid solution of hematin is dialysed, the latter substance 
is precipitated as soon as the acid solvent is removed. 
Various proteins or mixtures of proteins have been used in the 
experiments. These have sometimes been obtained from the same 


animal or species as that from which the hematin was derived, at other 


times the two substances have been taken from different animals or 
species. Globin, egg-white, egg-yolk, serum proteins, watery and 
saline <n of muscle and of different organs (thymus, spleen, 
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liver), have been tried. Other experiments have been carried out 
with a mixture of amino-acids obtained by prolonged tryptic digestion 
of casein. 

The time during which the mixtures were kept, the reaction of the 
hematin and protein solutions, and the temperature at which the 
experiment was conducted have all been varied. In almost every 
case parallel experiments with and without the addition of a reducing 
agent were carried out side by side. The reducing agents employed 
were ammonium sulphide, hydrazine hydrate and sodium hydrosulphite. 
The mixtures were allowed to stand, sometimes at the temperature | 
of the room, at other times at 37°C., for periods varying between a 
few minutes and several days. In some experiments the reaction of — 
the mixture was acid, in others alkaline, and in others an alkaline 
solution of hematin dialysed so as to make it approximately neutral 
to litmus was mixed with a neutral protein solution. The concen- 
tration of the solutions has also been varied within wide limits. —_ 

In no case has an experiment resulted in the production of a sub- 
stance with the spectroscopic characters of hemoglobin. 

No useful purpose would be served by giving many of the experiments 
in detail, but the following two may be cited as typical. 7 


(1) Hemin crystals prepared from sheep’s blood by Chalfejew’s method were 
dissolved in 1 p.c. sodium carbonate, A solution of egg-white in 0-9 p.c. sodium chloride 
solution was made, containing approximately 10 p.c. of egg-white. The hemin solution 
was added to the egg-white in such proportion that the spectrum could be distinctly seen _ 
when the fluid was examined in an ordinary test-tube. The mixture was divided into 
two parts, to one of which two drops of ammonium sulphide solution were added. The 
tubes were left for two days at room temperature. The tube without ammonium sulphide 
then showed the spectrum of alkali hematin, which changed on addition of ammonium 
sulphide to that of hemochromogen, the spectrum of the latter becoming somewhat — 
obscured on standing by diffuse absorption of the violet end of the spectrum up to and 
including the green. The second tube showed the same modified hamoc 
_ spectrum. The spectrum was not altered when the solution was shaken with air. The 
- original tubes underwent no further change when placed in an oven at 35° C. for some 
(2) An extract of calf's thymus containing nucleo-protein and nucleo-histone was 
prepared by the distilled water method. Hematin prepared from sheep’s blood by the 
potassium carbonate method was dissolved in dilute alkali and dialysed. The thymus — 
extract and hematin solution were mixed in about equal proportions and divided into 
four portions, which were placed in four test-tubes, 4, B, 0 and D. One drop of N/5 HC) 
was added to A, two drops to B, four drops to C, and five drops to D. Four exactly 
_ similar tubes were prepared and to each were added two drops of ammonium sulphide 
solution. All eight tubes were left for twenty-four hours at room temperature. A and B 
then showed the spectrum already described as that of the “oxidised h»emochromogen” 
of Bertin-Sans and Moitessier. The corresponding ammonium sulphide tubes 
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showed the spectrum of hamochromogen. 
A and B, but the solution was turbid; the parallel ammonium sulphide tube contained 
a clear solution which showed the hemochromogen spectrum. In D there were complete 


. precipitation of the hematin and partial precipitation of the protein. The precipitate, 
when dissolved in 2 p.c. sodium carbonate, gave the same spectrum as A and B, and 


yielded hemochromogen on addition of ammonium sulphide. 


Discussion. The first point to be noted in considering the question 
of the possibility of reconstructing the hemoglobin molecule ‘from 
hematin and a protein is that such a resynthesis does actually take 
place, so far as spectroscopic evidence can be relied upon, in presence 
of ammonium sulphide, when the hematin has not been separated by 
precipitation. Further, hematin forms compounds with bases, such 
as potassium, sodium, calcium and barium (4), and, moreover, it yields 
two hematinic acids when its molecule is broken up. Again, globin 
is basic in nature, and it appears probable that in the h»moglobin 
molecule hematin plays the part of an acid and globin that of a base. 

On the other hand, when hematin which has been precipitated is 
dissolved in potassium hydrate solution, it is in combination with the 
potassium, and a weaker base, such as protein, will be unable to displace 
the alkali from the compound. If the hematin is held in acid solution 
and protein added, the acid solvent will have a greater affinity for the 
protein than will the hematin, and again the possibility of union 
between hzmatin and protein will be frustrated. The difficulty of 
synthesising hematin and protein is therefore great, and I have not 
been able to overcome it. | 

It is worth noting incidentally that when hemoglobin is broken 
down in the body the hematin is not retained for resynthesis, but is 
further decomposed, the iron being retained for further service and the 
residue cast out as bile pigment. Such a procedure would seem to be 
needless waste if a stable substance like hematin could be easily recom- 
bined to form new hemoglobin. 

The question remains as to why resynthesis of globin and hemo- 
chromogen produced from hematin which has not been precipitated 
should oceur with ease. The spectroscopic characters of the hematin 
or hemochromogen are the same before and after precipitation. It 
therefore appears either that spectroscopic evidence by itself is unreliable 
and that there is an alteration in chemical constitution due to the fact 
of precipitation, or that the unprecipitated hematin is still in loose 
combination with the globin, » so that the rebuilding of the molecule is 
more easily effected. 
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456 MENZIES. 


SuMMARY. 


(1). Spectroscopic evidence shows that heamochromogen and globin’ 
reunite to form hemoglobin, provided the hematin from which the 
hwmochromogen is produced has not been precipitated. 

(2) Experiments have been made with the object of attempting to 
bring about the combination of hematin, which had been separated 
by precipitation or of hemochromogen prepared from it, with various 
proteins or with amino-acids, with a negative result. bi 


(3) A possible explanation of the facts is suggested. 
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ON THE SECRETION OF BILE. 
By SEIZABURO OKADA, MD. (Tokyo). 


(rom the Institute of University College, London) 


Carried out on dogs, and the operations on them were performed for 


me by Professor Starling. The animals were provided with a per- 
manent fistulous opening into the gall-bladder, the common bile-duct 
being ligatured, so that the total secretion of bile passed out by the | 
fistula. In order to measure the secretion of bile, the dogs were slung 
and a rubber tube inserted in. the fistula. As has already been noted 
by previous workers, the secretion is sometimes larger during. the 
first hour of the observed period. This is possibly due to such factors 
as the excitement of the dogs before being slung, the retention of bile 


in the bile-ducts, remnants of food in the stomach from the last meal, 


or irritation caused by the introduction of the rubber tube. These 
were excluded as far as possible. 


1. The effect of diets of bread, 
The literature on this subject contains most contradictory statements. 


Nasse and Rittera) showed that a carbohydrate diet provokes a 


smaller secretion of bile than a meat diet, and that the addition of fat 
to a small quantity of meat increases the secretion but has no influence 
when added to a large quantity. Bidder and Schmidt@) found 
that in cats on a continued diet of meat the secretion was greatly 
increased, while a pure fat diet diminished the secretion to the starvation 
level. Prévost and Binet(3), on the other hand, found that fresh 
butter, in quantities of 37 gms., had no influence on the amount of 
bile secreted. Rosenberg(4) stated that fat had a greater excitatory 
effect, on the secretion than protein and carbohydrate. In his experi- 
ments on dogs he found that the secretion of bile after a meal of 


_ 250-500 gms. of horse-flesh and 125-500 gms. of rice or 60 gms. of bread 


was smaller than after the introduction of 50-120 gms. of olive oil into 
the stomach by means of the stomach-tube. Barbéra(s) found that 
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the secretion of bile is greatest on a protein diet, rather less on a fat 
diet, and insignificant on a carbohydrate diet (ingestion of cane sugar). 
On a mixed diet the secretion of bile varied according to the proportions 
of protein and fat contained in the diet. This author states that the 
duration of the secretion is longest on a fat diet, rather shorter on a 
meat diet, and very short on a carbohydrate diet. On a mixed 


diet. the secretion was of longer or shorter duration, according 


to the amount of fat and protein present. According to Doyon(é) 
neither oil nor a mixture of oil and bile, introduced into the stomach, 
stimulates the secretion of bile as measured during the nine hours or 
twenty-four hours following administration. Fleig«7), on the other 
hand, observed in a chloralised dog an acceleration of the secretion after 
the injection of oil into the duodenum. 
Many authors are of the opinion that the mechanism by which 
bile is secreted when it is required in the intestine, is mainly humoral. 
Rutherford) found dilute nitro-hydrochloric acid to be a. hepatic — 
stimulant of considerable power. Wertheimer) concluded from 


the researches of Dubois that the injection of acid into the duodenum 


or into the upper part of the jejunum stimulates the secretion of bile. 

Bayliss and Starlingao) found that the intravenous injection of 
a solution of secretin, entirely freed from bile salts, produced an imme- 
diate increase in the secretion of bile, and they observed that it would 
be appropriate if the mechanism involved in the increased production 
were identical with that responsible for the secretion of pancreatic 
juice. Fleig(t) concluded that the increase in the secretion of bile 
consequent on the introduction of acid into the intestine was due not 
only to a humoral effect but also in part to a nervous reflex. He 
concluded further that in the case of fats no hormone acting upon the 
liver is produced and believed their effect was entirely reflex. 

_ In my experiments I first tried the effect of bread, butter and meat 
on the secretion of bile. In order that the same conditions of nourish- 

_ ment should obtain at the beginning of each experiment, each animal 
was given a regular diet prior to the morning of the experiment. Dog 4 
of milk. 

The diets chosen for the experiments were of equal sabieie value. 
The effect of small quantities of food was tried on Dog A, who keceived 
40 gms. of bread, 14 gms. of butter, or 64 gms. of horse-flesh, while 
B received the larger amounts of 200 gms. of bread, 68 gms. of bu 
or 320 ii of horse-flesh. Immediately after the — of any 
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one of thése foods there was, as Barbéra observed, a diminution or 
cessation in the secretion of bile, after which there was a rapid increase 
_ which reached its maximum in the first or second hour of the experiment. 
In their initial effect on the secretion these foods differed little from each 
other, but after a meal of bread the diminution set in sooner than after 
_ butter or meat. With increase in the secretion there is apparently in 
every case a corresponding diminution in the solids present in the bile. 
Details of these experiments will be seen from the following tables. 

Dog A (6 kilos) was'operated on Oct. 20, 1914, and fed daily with 
300 gms.. of horse-flesh. Ite weight remained practically constant 
throughout the period of observation. This dog died on Dec. 31, 1914. 
‘Dog B (6-8 kilos) was operated on Jan. 7, 1915, remaining under 
observation until March 1, 1915. It received a daily diet of 200 gms. 
_ of bread and 200 c.c. of milk during the course of the experiments with — 
7 bread, butter and meat. It was afterwards fed on horse-flesh. 


“Tapum I. Dog 4. The effect of feeding with 40 gms. of bread. 


Si. 10. 14 16. 11. 14 18. 11. 14 Average 

Solids Solids Solids 

Bile gms.in Bile. gms.in Bile gms.in Bile gms. in 
6.6. loc. €.c. les. ¢.c, lec. lac, 
2-8 074 28 -124 3-0 2-9 -100 
1 hr. 40 062 6-2 092 3-9 099 4-7 085. 
6-0 030 5-6 048 059 5-8 045 
4-3 034 43 051 47 058 4-4 048 
33 034 29 067 4-6 050 3-6 050 
2-3 035 1-7 079 43 048 28 051 

6 ” 29 30 0086 40 047 33 066. 


- 1, 14 11. 11. 14 A | 
6.1 1. verage 
50 033 #68 033 G1 053 60 040 
37 086 67 030 42 0565 45 039 
34 039 46.033 #35 062 38 
5 40 034 40 035 3-4 069 3°8 045 
6 ” 36 -030 3°4 038 30 064 3:3 043 


Taste III. Dog. A. The effect of feeding with 64 gms. boiled horse-flesh. 


4. 11.14 9. 11. 14 Average 
2-7 052 2-8 061 346 090 3-0 070 
2 9 4-4 038 §-2 037 5-1 4-9 046 
40 030 40 049 #47 +45 
38 031 2-5 070 23 085 2-9 057 
6» » ” 32 0310386 055 32 062 
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Taste VI. Dog B. 


22. 1.15 


97.1. 15 


if 


23289838 


34 
‘4 
: 


38833833 


20. 1. 15 


e 


16, 1, 16 


5 
A 
“the 
— 
34 062 33 058 
x 1 hr. after 82 045 Sl 048 
2 $4 036 87 
” ” ” 
” ” 
4 48 035 55 031 
5 33. 456 O31 
6 38 43 O31 
42 O34 44 
ten 
Fasting 3°5 
a 1 hr. after 73 
2 78 
” 
3 6-4 
99 39 
5 43 
‘3 6 
7 oF 4-5 
1 hr. after 
2 
3 
a ” 
6 
9 
7 
99 39 
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SECRETION OF BILE. 461 
-‘Tapur VIII. Dog B. Averages of diets of bread, 


butter 
. and horse-flesh. 
1 hr, after feeding 048 73 043 78 038 
” 69 ‘031 73 036 6-3 027 
55 031  &2 034 6-2 025 


| 2. The effect of starvation. 

‘It is well known that in starvation the quantity of bile secreted is 
diminished and the concentration increased. Rosenberg observed 
that the secretion of bile in animals receiving a regular diet was 
still increased at the usual hour even though no food or drug had 
been administered. Albertoni and Barbéra() found that though 
the amount of bile secreted during-starvation diminishes, there is never 
an entire cessation of secretion even up to the time of the death of the 
animal. These observers were not able to confirm the statement of 
Rosenberg. My observations on this point are in accordance with 
those of Albertoni and Barbéra. Moreover I noted that the excita- 
tory effect of taking food on the liver cells was diminished during — 
starvation. 
‘The results of this series of observations are given in the following 
_ tables. The dogs were kept in cages and received no food the day 
before the experiment except water. 
temporary starvation. 


Dog A. The ee of food cher temporary 
starvation. 


Horse-flesh Butter 
Biscuits 41 gms. 204 44 
20. 11. 14 23. 11. 14 25. 11, 14 
in 
=x Tee. lec ae 
Fasting 20 0-8 2-5 063 
1 hr. after feeding 3-6 28 "107 2-7 045 
43 047 3-6 044 3-8 025 
1-9 066 30 038 1-2 024 
” 0-9 097 22 O44 1-7 024 
1-4 -091 2-1 052 10 


Dog’s weight on 20, 11. 14= 5-6 kilos. . 
23. 11. 14 = 53 
25. 11. 14 = 5-2 ” 
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469, SEIZABURO. OKADA. 
Taste X. Dog B. The effect of food after temporary 


starvation. 
Bread Batter Horse-fiesh 
200 gms. gma 320 

5. 2.15 ; & 2,15 10. 2. 15 

in Bile in 

tte 
1 hr. after | 4-1 Bl. 
029 6-1 023 29. 049 
46 . O31 §4 027 - 28. 044. 
029 48 026 . 29. 046 
. 88 029 3-0 18 047 
34 028 33 032 16 (41 


10. 15 = 6-90 


3. The effect of protein, 

White of egg was chosen for the experiments on the influence of 
protein on the secretion of bile, on account of the fact that its consti- 
tuents other than protein are present in such small quantities as to be 
almost negligible. In some experiments carried out by Briino and 
Klodnizki) it was observed that no bile at all was expelled from 
the Pawlow’s fistula after the introduction of raw white of egg into 
the empty stomach. When, however, the digestion of the white of 
egg is allowed to proceed in consequence of the secretion of gastric 
juice, evoked either chemically or psychically, the usual secretion of 
bile takes place. The ingestion of heat-coagulated white of egg dessa 
results in a secretion of bile. 
_ The results of my experiments are as follows: 


Dog C (10-11 kilos) was operated on Jan. 7, 1916, and fed daily with 400 gma, of 
horse-flesh. It died on April 22 as the result of an accident. 

Dog D (5-7 kilos) was was operated on April 6, 1915, and fed daily with 300 gms. of 
horse-flesh. This dog was killed on June 4. 

Dog E (6-5 kilos) was 
horse-flesh. 


XI. Dog C. of 200.¢.c. raw white 


of 31. 3. 15. 
“Yet (lasting) 
2nd hour ,, 3-0 
Ist hour after introduction 33 038 
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Dog D. Introduction of 400 c.c. raw white 


: of egg. 6.6. 15. 

Ist hour (fasting) 31 O70 

Ist. hour after introduction 42 062 

3-7 -055 

Tasie XIII. Dog E. Introduction of 200 c.c. of raw 
: white of egg. 27. 5. 15. 

let howt fasting 

Ist hour after introduction 6-2 036 


XIV. Same dog. Ingestion of 150.c.c. boiled white 
Of egg with 10 gms. of cane sugar. 22. 5. 15. 


Ist hour (fasting) 3-7 a 
ist hour after introduction 

53 


The variability in the increase of the secretion after the introduction 
of raw white of egg is probably caused by differences in the degree of 
digestion occurring in the stomach. The result of one experiment with 
boiled white of egg is given in Table XIV. The introduction of cane 
sugar into the — in no or a slight in 


the secretions. 


TABLE XV. Dog C. Introduction of 50 gms. of cane sugar 
dimolved in 200 c.c. of water. 12. 4. 15. 
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Tanta XVI. Dog D. 29.4. 15. 


Solid 

Bile gms. in 

cx. lcs. 

Ist hour (fasting 2-4 061 
2nd ” 26 060 
lst hour after administre.tion 1-7. O72 
a 1:8 071 


Tastz XVII. Dog B. 14.6.15. 


Ist hour (fasting) 41 058 
Ist hour after administration 3-2 061 
2-8 -066 


In Table XVIII is given the result of feeding with baked starch. 
_ The effect. on the secretion of the bile was insignificant. — 


Taste XVIII. Dog C. Ingestion of well-baked starch (100 gms.) 
(+ 5 gms. of cane sugar). 29.3.15. The dog ate this greedily — 


for 20 minutes. 
| Bie  gmain 
les. 
Ist hour (fasting) 069 
” 26 065 
Ist hour after ingestion 4-2 048 
99 3-5 046 
30 
4th ” ” ” 3-2 053 


"The statements as. to the effect of oil and fat on the secretion of — 
bile are conflicting, many authors having found them to have a stimu- 
lating effect on the secretion, while others state them to be without — 
effect. I therefore made careful experiments on this point. In many 
cases fat proved an efficient stimulant, but often only a slight increase 
occurred and occasionally negative results were obtained. These — 
negative results were especially noticeable in dogs with long-standing 
fistule. In these dogs diarrhoea was often present after the ingestion 

of fat or oil, though they were in other respects quite healthy. It is 
possible therefore that their ability to digest fat may have been impaired. 
The following tables show the positive results of fat ingestion. 
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TABLE XIX. Dog C. Introduction of 100 ¢.c. of olive oil. 9, 2. 15. 


Bile gma, in 
lee 
Ist hour (fasting 41 70. 
— 
ad» ” 86 081 
4th ,, ” ” 74 031 
Taste XX. Dog D. Introduction of 100c.c. olive oil. 28. 4. 15 
ist hour (fasting) 
“— 
ist hour after introduction 5-2 051 


Tastz XXI. Dog E. Introduction of 100 c.c. olive oil, 14, 5. 15. 
1st hour (fasting) “68 


lst hour after introduction j= 7:1 047 
64 - O41 


4. The effect of acids on the seoretion of bile. 
Most of the researches which have been carried out on the effect of 
acids on the secretion of bile have been made on animals under anws- 
thesia in whom a temporary fistula has been established. I thought 


XXIL. Dey 4. Feeding with HC solution. 


30, 11. 14 
Ist hour (fasting) 382. O15 
69 76 032 
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solution. 26. 1. 15. 


Bile gms. 

lec 

t+ hour (fasting 43 050 

es 
lst hour 

” ” 80 031 


TABLE XXIV. Dog C. Introduction of 200 c.c. 05% ae 
3 lactic acid solution. 2. 2. 15. oo 


8 -065 

26 061 

lst hour after introduction of acid 7:3 030 

2nd ,, ” 49 034 


3-7 036 


“Tapiez XXV. In these experiments the secretion was measured every 
after the feeding of 200 c.c. 0-4 HCl solution. 


Dog 4. Dog C 
30, 11, 14 26. 1, 15 
} hours Bile c.c. Bile cc. 
4th 23 31 
Sth 13 0-2 


It will be seen from these tables that. the secretion of bile after 
ingestion of acid reaches its maximum during the first hour, decreasing 
markedly in the second hour, at the end of which it almost returns to 
the amount during fasting. The course of the secretion in this case 
is very similar to that of the pancreatic secretion observed by Walter(2) — 
in his experiments. 

The stimulating effect of acids on the expulsion of bile was first 
observed by Claude Bernards), who placed a drop of acid in the 
mouth of the common bile-duct and observed an immediate gush of 
bile into the intestine. This observation was confirmed some years 
after by Kiithed4); Briino(), on the other hand, found that the — 
introduction of hydrochloric acid into the duodenum of dogs provided 
with a Pawlow fistula was not followed by any flow of bile, and. he 
concluded that acids did not act as stimuli for the expulsion of bile. 

But, as Fleig has already shown, it is possible that in the —" 
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procedures necessary for the preparation of the fistula, the nervous 


connections of the duct sphincter are cut, so that the conditions are not 
the same as they would be in the intact animal. In order to test this 
point I made three experiments on dogs anesthetised with A.c.z. 
mixture; an opening in the duodenum was made so that the orifice 
of the common bile-duct could be clearly dbserved. 0-4 %/, hydrochloric 
acid or 0-5 %, lactic acid was then introduced into the lower part of the 
duodenum. In each case this was followed in two or three minutes 
by a rapid flow of bile into the intestine. The same result was obtained — 
in an experiment in which all the hepatic ducts were ligatured, so that 
the gall-bladder was only connected with the common bile-duct. From 


. these results it is concluded that acids introduced into the duodenum 


stimulate not only the secretion but also the ne of bile into the 
intestine. 


5. The effect me 


In the course of their experiments on pancreatic secretion, Bayliss 
and Starling«o0) tried the effect of secretin on the secretion of bile. 
They pointed out that as the secretion of bile is very much influenced 
by the blood-pressure, the depressor substance in the ordinary secretin 
preparation would probably obscure any excitatory effect of the secretin 
itself, and, on the other hand, the bile-salts in the preparation would 
increase the rate of secretion of bile. They: therefore: made use of a 
purified preparation, free from bile-salts and containing only a small 
amount of depressor substance. The injection of this preparation into 
the veins of an animal provided with a temporary fistula caused the 
rate of secretion to be almost doubled. Fleig noted that the intra- 


- ‘venous injection into a chloralised dog of the blood from an isolated 


loop of duodeno-jejunum, into which a solution of 0:5°/, hydrochloric 
acid had been introduced, caused a similar increase in the rate of 
secretion. 

The secretin used in my experiments ¥ was prepared by the method 
devised by Wertheimer«s) and elaborated by Matsuo) which is 
as follows.. The pylorus, bile-duct and pancreatic duct having been 
ligatured, the lumen of the duodenum was thoroughly washed out with © 
normal saline and a 0-4%, solution of hydrochloric acid introduced 
into it. After an interval of five minutes the duodenal contents were 
removed, boiled, neutralised and ‘filtered. | 

Matsuo found that this preparation caused only a slight fall of 


2 blood-pressure but that it had a marked effect on the pancreatic 
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secretion. I confirmed this statement in a dog provided with temporary 
biliary and pancreatic fistulm, and I noted also that the secretion of 
bile was almost doubled. The results obtained on dogs a — : 
fistile are as follows. 


Taste XXVI. Dog A. 
| 
2.12.14. 


047 


Go 


06 


“Panta “Deg A... No food: givenon the dey. preceding. the 
experiment. Injection of 10c¢.c. of secretin solution into 
femoral vein. 7.12.14.° 


fasting) 0-6 
2nd 0-7 
06 = 23 081 
4th ” 4 0-4) 
» after injection 
“050 
a. 0-8 
” ” 0-9 i 
Sth ” 
057 
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XXVIII. Dog C. Injection of secretin, 28. 1.15. 


in 
Bile c.c, ee. 
Ist }-hour (fasting) 0-8 
050 
4th 1-2 
Injection of 10 0.0. of secretin into right femoral vein. 
lst }-hour | 1-7 
ath , 0:8 
Injection of 206.0, secretin into left femoral vein. 
— 


It will be seen that the increased secretion is marked only during 
the first quarter of an hour. Special precautions were therefore taken 
to avoid any retention of bile and any other exciting influence on its 
secretion. That the effect was due to other possible contents of the 
solution, such as bile-salts or peptone, may be excluded, in view of the 
fact that the secretin, if kept in the cold store and injected on the 
following day, had no influence on the secretion of bile, the preparation 
soon losing its power in a neutral solution. 


6. The effect of peptone and extract of meat. | 
- Peptone. It was observed by Asher and Barbéra(7) that the 
intravenous injection of peptone into a dog provided with a permanent 
fistula caused a considerable increase in the flow of bile. Prévost 
and Binet() also state that the secretion is almost doubled by the 
introduction of 15 gms. of peptone into the stomach. Doyon(6), on 
the other hand, showed that peptone inhibits the secretion of bile and 
provokes a strong contraction of the gall-bladder. Fleig concludes 
from his experiments that the action of peptone injected into the intes- 
~ tine on the liver is reflex, and he states that this reflex must be secretory 
_ in nature since the effect of the ‘peptone was more noticeable after the 
_ ligature of the cystic canal. My results in this connection are as 
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Taste XXIX. Dog C. Introdiction into the stomach of a boiled 
| solution of 10 gms. of Witte’s aie ora in 150 c.c. of water. 10. 3. 15. 


Solids 

Bile gms. in 

; 1 cc. 

Ist hour (fasting 072 

2nd ,, 32 067 
Introduction of peptone. 
hour 3-7 ‘041 

| 3rd, 041 


‘Taste XXX. Dog D. Same exp. 21.4. 15. 


hour (fasting) 40 078 
Introduction of peptone. 
Ist hour 27 060. 
2nd ,, 
3rd ,, 5-9 041 


Taste XXXI. Dog. 7 kilos. Mcephis sind 


inserted in the common bile-duct and the cystic duct ligated. 
' Injection into the femoral vein of 30 c.c. of 10°, Witte’s peptone 


dissolved in normal saline solution. The onion was recorded — 


_ Intervals in seconds 
between each drop 
Before injection 116, 117 
_ After injection : 430, 280, 115, 565, 55, 55, 50, 50, 40,.40 . 


_ After the introduction of peptone into the stomach no flow of bile 
occurred for 30 minutes. There was also a considerable interval 
between the intravenous injection of peptone and the first drop of bile, 


due perhaps to the lowering of the blood-pressure. In both cases 


however there is a marked increase in the secretion, and it seems justi- 

fiable to conclude that ‘a humoral mechanism is concerned in the action 

of peptone, although the experiments do not renee, the — 

of its action being also a reflex one. 

Katract of meat. Liebig’s extract (7-5-10%,) . was found by 
Babnant 3 in experiments with Pawlow’s fistula to cause an expulsion 


_ of bile, though to a less extent than other stimulants. This excitatory - 
effect was however denied by Klodnizkia). According to Fleig, — 
the injection of Liebig’s extract into the rectum or into the blood 


produces no acceleration in the secretion of bile, nor do extracts of 
stomach or intestine mucosa made with a solution of Liebig’s extract. 
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Fleig also obtained negative. results by intravenous injection of the: 
returning blond from the duodenum, into which the solution had been 
previously injected: The results of my experiments are as follows: 


Taste XXXII. Dog A. The effect of the introduction of 200c.c. 
a 10%, of extract into the 5. 12. 15. 


Ist hour (fasting) 3-1 
Introduction of extract. | | 

lst hour 047 

2nd ,, 73 

‘3rd ,, 36 041 

4th ,, 031 

oth 030 


Taste XXXIII. Dog C. The dog was not fed the day before the 
experiment. Introduction of 200 c.c. of a 10%, solution of Liebig’s 
extract into the stomach. 13, 2, 15. . 


hour 48 079 


076 
Introduction of extract. 
is Ist hour 065 

2nd ,, . | 6-2 030 

3rd_,, bee 4-1 032 


_ These experiments show that meat extract introduced into the 
stomach acts as a very powerful cholagogue, the action probably being 
partly due to the acid in the gastric juice secreted as a result of the — 

introduction of the meat extract. 


7. The effect of dndroduettion of water, sodium Sibiaeats and soap. 

Water. Rutherford(s) and many other subsequent workers 
found that the introduction of water into the duodenum or into the 
stomach gives rise to practically no increase in the rate of bile secretion, 
and the experiments given in the following tables fully bear out their 
conclusions. 


12. 12. 14. 
Solids 
Bile gus.in 
Ist hour 
lst hour after introduction O65. 
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XXXV. ‘Dog C. Introduction of cold water. 


Bb. 

Bile gma. in 

ec lca 

hour (fasting) ‘36 071 

Ist hour after introduction 39 068 

3-1 065 


‘Taste XXXVI. Dog C. Introduotion of 300 ¢.c. weirm water 


(40° C.). 9. 4, 15. ; 
lst hour after introduction 44 O61 
2nd ” ” ” 30 068: 
Sodium Bicarbonate. Various workers have found ‘that sodium 


bicarbonate has no effect as a bile stimulant, though Prévost and 
Binet believed they had demonstrated a slight increase of bile after 
the introduction of sodium bicarbonate into the stomach. The following 
experiments seem to indicate that it is practically without influence. 


TABLE XXXVIL Dog A. Introduction of 200 c.c. of 


1%, solution of sodium bicarbonate. 15.12.14. 
Ist hour- (fasting) 27 
“090 
Ist hour after introduction 29 
2nd ,, ” ” 26 “084 


XXXVIII. die of 200 c.c. of 
15% sodium bicarbonate solution. 8. 3. 15, 


Ist hour (fasting) 20 089 
2nd _,, 3-6 067 
ist hour after introduction 4-4 ie 

2nd ” ” 4° 061 
3rd ” 1-7 “9 


_ Soap. _ According to Doyon, none causes if anything, a slight 
diminution in the bile secretion during the first 9 and 24 hours, but the — 
following experiments seem to indicate that for ee 
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XXXIX,. D. Feeding of 100 


2nd _,, 40 056 
Ist hour after feeding 4-5 041 
2nd, 66 038 


Taste XL. Dog B. Feeding of 1000.0, of 3% sodium oleate. 


Ist hour (fasting) =«.. «48 O72 
3rd ” 9-9 - 034 


8. The effect of bdile, bile-salts and hemoglobin. 

It has long been known that bile itself is a very powerful stimulant 

of the secretion of bile. Many authora have proved this by the intra- 
venous injection of bile-salts or their introduction into the stomach. 
Schiffas), and later Rosenberg(4), observed that the introduction 
of bile: into the alimentary canal caused not only an increase in the 
secretion of bile but also, unlike other cholagogues which yield a diluted 
bile, an increase in its concentration. In ‘two cases I also observed an 
increase in the quantity and concentration ‘of -bile, while the pigment 
content was diminished. This is perhaps due to the fact that the bile- 
salts are principally absorbed into the blood vessels and éliminated 
by the liver, while the pigments, once excreted, are almost. entirely 
lost with the feces. Investigators who have studied the effect of bile 
differ i in their interpretation of the cholagogue effects of bile and bile- 
salts. ‘Phus Schiff believed that the bile is absorbed and re-excreted 
as & whole, that is, there was a circulation of bile between the liver and 
intestines. Socoloffas) believed that the liver was incapable of 
re-secreting bile’ which had been once secreted and absorbed into the 
-Dlood vessels. He-pointed out that if any tissue becomes impregnated 
with biliary constituents, it would be easy for this tissue, if a gland, 
to*pass these constituents out into a secretion from which they were 
normally absent, and it seems. ssid that the increased ‘secretion of 
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bile under these cirousstances in the liver is due to similar mechanical 
conditions, so that when the blood is charged with biliary constituents, 
more of them appear in the biliary secretion. Rosenberg however 
pointed out that if this were the case, it would be difficult to explain 
the increased concentration of bile which is are: My results are 
as. follows : 


into the stomach. 9. 


Yat hour (fasting) 
25. 093 . 
lst hour after administration. 


50 ¢.c, ox bile (0-074 gms. solids in lo.c.). 29, 1. 15. 


‘Ist hour after administration’ 14-7 067 
2nd ,, 156 085 
th » » 087 


Taste XLII. Dog A. The effect of bile-salts, Introduction of 
+B gms. glycocholic acid and 0-5 gms. sodium bicarbonate “ae 
; 50 ac, of water into the stomach. 23. 12. 14. 


Ist hour (fasting) 30 oe 
“Ist hour after administration 5-9 107 
2nd ” ” 43 056 


Taste XLIV. Dog 0. Introduction of 3-0 gms. 


22, 3. 15. 


1st hour- (fasting) 29 pes 
” 3-2 062 

Ist hour after administration 7-3 ‘081 - 
076 
+6 O78 
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with that of pancreatic juice. When bile is introduced into the intestine 
of a dog provided with temporary biliary and pancreatic fistule, no 
- secretion of pancreatic Juice followed, although . the flow of bile was. 
decidedly increased. This is probably due to the fact that in this 
casé the outflow of bile represents not a true secretion but an excretion 
of the toxic products which have been absorbed into the blood. 

Haemoglobin. According to Tarchanoff(2%) and Vossius@l) the 
injection of bilirubin is followed by a marked increase in the excretion 
of bile pigments, and Tarchanoff and Stadelmann (22) also obtained 
the same result after injection of hemoglobin; though Vossius was 
not able to confirm this.’ The two experiments which I have carried 
out support Tarchanoff’s conclusion, the increase of bile pigments — 
being obvious on inspection. 

The hemoglobin employed was a ‘aii cheitialios made by 
the method of Hoppe-Seyler. 10c.c. of the 10% solution was given 
to dog A and 20 c.c. to dog C. In both cases there was a marked 
increase in the content of bile pigments without any remarkable altera- 


~ tion in the amount of solids or in the quantity of the bile. 


9. The effect of certain drugs regarded as. cholagogques. 
_(@), Sodium. salicylate. This drug has been proved by Rutherford, 


‘Vignal and Doods and many other authors to be a ghar chola- 
gogue, and my experiments confirm this fact. 


salicylate dissolved in 100 c.c. water. 1.3.15. 


Solids 

Bile gms. in 

cc. 1¢.c. 
‘Ist hour (fasting) 3-3 069 

2nd ,, 3-2 072 

Ist hour after administration 6-2 063 

” ” ” 5:7 027 

4th 53 025 


TABLE XLVI. Dog B. Under same conditions as the above. 23, 2. 15. 


Ist hour fasting 2-9 052 

048 

Ist hour after administration 098 
mn 5-4 034 
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-(b) Salol.. Prévost and Binet found salol to have a stimulating 
effect on the secretion of bile, but their results were not confirmed by 
Pfaff and Balch). My experiments showed a slight increase, as ~ 
_ will be seen from the following tables. . ce 


XLVII. Dog B. 20 gms. salol boiled in 70c.c. water and 
‘introduced after cooling into the stomach. 25. 2.15. 


Solids 
Bile gma, in 
cc. lec. 

Ist hour (fasting) — 26 027 
hour after administration 3:8 ‘021 
2nd ry) 4-5 021 
3rd ” 2-9 -020 

” 3-4 021 


‘Taste XLVIIL. Dog C. 2-0.gms. salol boiled in 100 c.c. 
water and administered after cooling. 3.3.15. 


Ist hour (fasting) — 3-5 
2nd 28 - 
ist hour after administration 3-4 
2nd ,, 3-6 
4th ” ” 3-8 


- (©) Calomel. Out of four experiments carried out by Rutherford 

and Vignal with calomel, diminution in the secretion of bile occurred _ 

- in three, while in one there was a slight increase. An occasional — 
diminution has been observed by other authors but in no case has an 


increase been: obtained. I also obtained -a diminution. — 
Dog 03m, in 6000. water 
introduced into the stomach. 24. 2.15. 


Bile gms, in 

cc. lee, 

lst hour (fasting) 3-5 081 
” 37 078. 

ist hour after ingestion 3-8 061 

” 2-7 047 

4th » » 16 Diarrhea 


| (@) Cream of Tartar. This drug. was found by. Petrowa() to 
_ have no effect on the secretion of bile.. In two dogs however I obtained 


an increased secretion, 
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TABLE ‘ Dog OC. Introduction of 5-0 gms. Cream of Tartar | 
‘In 100 ¢.c. of water into the stomach. 26.29.15: , 


Bile 
Ist hour (fasting) 3-2 
Ist hour after administration 6:1 060 
4th ,, 52 049 


Taste LI. Dog B. 3:0. gms. Cream of.Tartar in 100 c.c. 
‘of water. 27. 2. 15. 


Ist hour (fasting) | 23 030 
2nd ,, 26 “029 
Ist hour after administration 4-1 
55 024 
022 
4th ” ” 3-9 


©) Chloral. Gottlieb@s), Wertheimer and Lepage and 


__ others have demonstrated that this drug is a powerful stimulant of 


the pancreatic secretion. Ch. Dubois found that 1 gm. of chloral 
injected into the duodenum or jejunum exerted a powerful influence © 
on the secretion of bile. This observer states that its action was very 
_ much weaker when it was injected into the rectum or into the blood 
- vessels, and an amount (25 cgms.) which no longer had any excitatory 
effect when injected into these organs still caused a flow of bile when 
Injected into the duodenum. According to Fleig, about 15 minutes 
elapse after the injection of chloral into the blood stream before any 
acceleration in the secretion of bile occurs, while after intraduodenal 
injection it takes place almost immediately. He also observed that 
the injection of chloral into the duodenum still further augmented 
the increase in secretion produced by a previous intravenous injection, 
but that no augmentation occurs after injection into the ileum or 
rectum. The effect of the intravenous injection of an extract of duodeno 
jejunal mucous membrane treated with chloral is comparable in its 
effect on the secretion of bile to that of the injection of chloral into the 
duodenum. From these results Fleig concluded that the mechanism 
by which the secretion of bile occurred after introduction of chloral 
into the duodenum was chiefly humoral, though from experiments in 
which he used the method previously quoted in this paper, reflex action 
_ also appeared to play some part. The following experiments confirm 
excitatory effect. 
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of water. 24, 3. 15. 


Solids 
: Bile - . gmsin 
6.6. 
Ist hour after administration 7:2 “064. 
3rd ,, ” ” O41 
4th ” ” 044 


Tape Dog hydrate in 100-¢.c. 
of water. 11. 6. 15, 


Ist hour (fasting) 3-9 076 
2nd ,, 32 078 
Ist hour after administration 64 | 9045 


10. The effect 


(a) Atropine. ‘The well-known effect, of aizopine onthe secretion 


- 


of such glands as the salivary, gastric and pancreatic, has suggested the 
investigation of its action on the secretion of bile. Rutherford, 
Vignal and Doods found that atropine caused no diminution in the 
flow of bile but that it antagonised the effect of physostigmine on the 
liver, while Prévost and Binet on the other hand state that it does _ 


inhibit the biliary secretion. In my ws ec a —" diminution 


resulted shortly after the injection. 


LIV. Dog 0. 4.2.15. 


| 
of 10, somal ln sation 
Pupils extremely dilated 
4 18 


Owing to the excitement of the dog, the experiment was. discoritinued. bows 
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LY. Dog B. Bed with 300 gms. of meat about’ 
18 hours before the experiment. 18, 2. 15. 


15 mins. 
4 ” 18 
Hypodermic injection of 0-003 gm. sulph. atropine. - 
43 (087 
4 1-4) 
7 
8 13 
10 10 
031 
12 0-5 
* Pupils extremely dilated. 


(b) Pilocarpine. This, drug, though a powerful excitant of the 
salivary secretion, has only a slight influence on the secretion of gastric 
juice and, according to many authors, no influence on the secretion of 
bile. My experiments however show a slight increase in the flow of 
as of the hypodermic injection of 


LVL Dog 0. 15.3. 16 


Bile: 
Ist hour (fasting) 20 
Ist hour 3-1 Salivation and vomiting 
ard ” 32 | 


LVI. Dog 99. 6. 15. 


Solids 

Bile gms. in 

las. 

Ist hour 49 O54 

2nd ,, 43 052 

Hypodermic injection “of 0-002 gm. hydrochlorate. 
2nd -,, 3 
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(c) Rittins. Tt has been found by Babkin(s) that the effect of 
the injection of nicotiné is more marked in the case of the gastric 
' gecretion than in that of the salivary secretion and that the secretion 
does not begin until from 45 to 80 minutes after the injection. In one 
experiment, as a result of the injection of 0-02 gm. nicotine, he obtained — 
62 c.c. gastric juice, 12 c.c. saliva, and 32.0.0. bile. I found that this — 
drug was in some cases effective i in causing an increase in the secretion. 


Taste LVI. ‘Dog C. 17: 3. 15. | 


Ist hour 3-5 
Hypodermic injection of 0-01 gm. nicotine sulph. 
LIX. Dog E. 24. 6.16 
Bile gma. in 
Ist hou (isting 4-4 058 
Ist hour 53 033 Vomiting of slime 
ord Picks 032 


(d) Alcohol, and: Binet -Albertoni and 
found that alcohol had no excitatory effect on the elimination of bile. 
I found however that the results varied after the administration of 
alcohol and that large doses produced an increase. 


LX, Dog C. Introduction of 100c.. 
10% alcohol. 12.83.15. . 


Ist hour (fasting) 
2nd ,, 28 
Ist hour after introduction 2-9 
3rd ” 26 


TABLE LXI. Dog E. Introduction of 200 c.c. 
10% alcohol. 28. 6. 15. 
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Taste LXII. Dog E, Same conditions as the above. 30. 6. 15. 


Ist: hour (fasting) a 53 
2nd ,, 
lst hour after introduction 76 

39 99 6-4 


SUMMARY OF Conczusions. 
1. There is little difference in the effects on the secretion of bile 


‘during the first six or seven hours between the diets of bread, butter 


and meat, if these substances be administered in quantities of corre- 
sponding caloric value. In the case of bread the diminution in secretion 


occurs sooner than in the case of butter or meat. 


2, Starvation tends to diminish the secretion of bile and the 

excitatory effect of feeding on the liver cells. 
_ 8. The following substances introduced into ee stomach cause 
an increased secretion of bile: 
Raw white of egg (if digestion ee 
Boiled egg white. 
Fat and oil. | 
Soap solution. — 
_ Acids (very marked). 
Witte’s Peptone. 
Liebig’s extract of meat. 
Bile-salts, or bile. 

All these substances produce an increased oasis of a more dilute 
bile, with the exception of bile and bile-salts, which produce a bile 
lighter in colour but with a larger percentage of solids. 

4, Secretin injected into the blood stream causes increased secretion 
of a more dilute bile. 

Intravenous injection of Witte’s peptone has a similar effect. 

Injection of hemoglobin solution into the blood stream increases. 
the pigments of the bile without marked change in the amount. 

5. The following substances eaten or introduced into the stomach 


produce little or no effect. 


Pure cane sugar. 

Cakes of baked starch and sugar. 
Water. 

Solution of sodium bicarbonate. 
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The following drugs increase the flow of bile: 
Sodium salicylate (markedly). i 
Salol (slightly). 

Chlioral hydrate 
Cream of Tartar. 
Alcohol (in large doses). 


Calomel is without effect. 


7. 


Atropine causes a slight diminution, pilocarpine a slight 


increase, and nicotine gives an inconstant increase of secretion. 

The subject of this paper was suggested by Prof. E. H. Starling,’ 
to whom I am indebted for performing the oe and also for 
advice and criticism eri pit the research. 
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THE ACTION OF PITUITRIN ON THE SECRETION 
MILK. By A. L. I. MAXWELL 
ROTHERA. 


(From the Biochemical Department, University of Melbourne.) 


From the time of the discovery by Ott and Scott of the galactoque 
action of pituitary extract, it-has been almost universally accepted 
that a substance in the extract excites the cells of the mammary gland 
to increased milk formation. . Recently Schafer? has advocated a 
_ different view, viz. that the extract has no true secretory action, but 
simply causes the milk to be squeezed out of the gland ed the contraction . 
of unstriated muscle external to the alveoli. 
We give in this Paper an account of a number of bearieiibis which 
we have made on the effect of pituitrin (Burroughs and Wellcome) on 
the mammary gland. The results in our opinion are strongly in favour 
of the secretory theory. _ 
It is known then pituitrin be 
given, milk can again be obtained. Our first experiments were made 
on these lines. 

Expr. I. Healthy goat having a young kid at foot. One pituitary extract 
(Burroughs and Wellcome) was injected hypodermically subsequent to the milking dry © 
a The results were as follows: 


L. Q. RQ 
Inj eee ee eee 77 Cc. Cc. 57 c.c, milk 
n pituitrin. 
ed after five minutes’ interval _... 136 c.c, 
Total 6.c, 192 ¢.c. 
—_ 


_ subsequent experiments the kid was separated from the mother ‘during the whole of the 


preceding night and the experimental work was in all cases conducted between the hours 
of 9.30 and 10.30 a.m., ee eee 
‘to 16 hours during the 24 hours. 
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Exp. If, 17. 9. 14. 


L.Q 


Milked before injecting pituitrin we 
Injected 1c.c. pituitrin (waited three 
_ After another five minutes 50 0.0. 50 
Total 390 c.c. 410 c.c. 


A pretence of administering ether to the goat coupled with the pain accompanying 


the hypodermic injection resulted in the animal being considerably discomforted and | 


this tended to inhibit those functional activities which occur in the contented animal 


and are characterised by the phenomenon of “letting down” of milk, so familiar to one 


accustomed to handle and milk cows. Since it might be said that the flow intuced by 
pituitrin would have occurred normally and without the aid of that drug, if one allowed 
an interval of time to intervene between the first and second milking, the following 
experiment was made. 

‘Exe. Til, 18. 9. 14. 


10.5a.m. Milked goat 135 ¢.c. 165 ¢,0. 
10.10 a.m. 16 c.c. 15 ¢.c. 
10.16 a.m. 15 16 c.c 
Total pee tee 165 c.c. 195 c.c. 


Injeoted now 1 0.0, pituitrin which was almost immediately followed by defecation — 


| R.Q. 
10,20a.m. Milked goat 115 ¢.0, 
10,26 a.m. ry) wee 45 c.c. 45 ¢.c. 
Total eee eee 160 c.c, 160 c.c. 
Total for experiment ... 325 3550.0. 


From these experiments it will be seen that the additional amount. 

of milk obtained by giving pituitrin is very considerable. It seemed 

_ to us unlikely that such a large increase could be due to simple pressure 

on the gland caused by contraction of its muscular element, and our 

subsequent experiments were made to test this view. In the first 
place we made observations on the secretory pressure. : 

A long glass tube with U-shaped curve at one end was connected 

by rubber tubing to a glass cannula which could be inserted into the 
goat’s teat, the glass tubing was supported vertically by an iron stan 
—the apparatus will be referred to as a manometer. : 


Exp. IV. 19. 9. 14. Inserted manometer cannula into teat: milk immediately 
flowed, this was allowed to attain a constant level which approximated to the top of the 


udder ; pituitrin was next injected and the rise in level of the milk in the manometer 
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The animal was finally milked and the fall amount obtained. woes on 
follows: 
Injected small amount of nod broke)“, 
a u ose 
Injected ¢.c. pituitrin after 10 minutes... BO 


Total “eee “ese ese ere 11-5 
Additional milked. left B00 - 


The total ree above the level of the top of the nlder was which indinte 


a definite positive pressure within the mammary gland. 


Injected pituitrin 2-5 mins. 1-5 coms, 
175 ,, 60 ,, 
Total eee 15-6. Py) 


Exp. Vi 24.09.14 eft quarter milked .. 18000, 
‘Then inserted manometer cannula into left quarter. Not sufficient milk to fill mano- 
meter. 

Injected pitutrn (1 four gush of milk aod ie 
to udder lével. 

In 15 minutes positive pressure equals 1-5cms. in 1.9. g 
In 15 minutes positive pressure equals 7-5oms,in kg. 
‘Transferred cannula beck to lft quarter and milk fled to former level of Sem. 
above top of udder. 


- 90 mailed Loft axel right quarters. 
BO 


amount of-milk obtained was equal to that obtained by milking almost immediately 
after a pituitrin injection, thus pointing to the conclusion that once the milk becomes 
available to thé milker, it is maintained in that condition for some time and does not tend 
& state in which it can'be held back by the goat. 
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The following figures illustrate the same point: — ae 
Exp, VIL | L.Q 


Goat milked ose. eee 130 c.c. 185 
1 ected. | 


* The smaller quantity of milk obtained from the left quarter is possibly due to the fact 
that a glass cannula was accidentally ee 


If one examines the figures Baye, IV to VIL, it will be observed that 
the rise in intra-mammary milk pressure is a gradual process, e.g. in 
Exp. V a 15-5 cms. rise in 17-5 minutes, and further the extra milk that 
becomes available to the milker on injecting pituitrin is maintained in 
this condition of availability for a considerable time, e.g. 40 minutes 
in Exp. VII. The experiments indicate a prolonged secretory activity 
of the mammary gland. If pituitrin were acting upon a muscular 
network one would think there would be an initial rise of intra-mammary 
pressure followed by a fairly rapid fall. .This however is not the case. 


Exr. VIII. A Jersey cow in the fourth month of lactation was brought into the stall. 
The milk pressure was taken with a cannula in the right fore teat. The milk rose in the 
manometer to a point two inches above the base of the teat; 6 c.c. of pituitary extract 
were injected into the subcutaneous tissues at the right shoulder. 

The udder hegan to fill a few minutes later, the filling being noticeable around and in 
the teats. Spasmodic micturition also set in. After ten minutes the milk had risen 


five inches in the manometer to a height corresponding with the uppermost level of the 
udder. After 40 minutes the level was still maintained. The three other quarters were 


then milked, and the pressure fell one inch, undoubtedly because the full experimental- 


The essential feature of this experiment is that the increased milk 
pressure produced by the pituitrin lasted undiminished for 40 minutes. 
This can hardly be assigned to a continuous muscular contraction, 
and as there is an actual milk pressure it cannot be argued that the 
alveoli once squeezed empty would remain empty. Unless maintained 
squeezed they would refill, expanding under the milk pressure. Hence 
_ the continued steady manometer reading must have been due to an 
extra secretion of milk which filled the udder to its highest level. ! 

_ If a dairyman finds that he cannot obtain milk from a cow, it is 

customary for him to allow the calf access to the mother for a few 
minutes when he then usually finds that the animal will milk readily. 
The calf has we initiated some reflex, either by sucking the teat 
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the as is so often done when milk 
is difficult to obtain. — 

Kxps. IX and X were made to determine of one 
quarter would cause an effect in the other. 


Exe. IX. 24-9, 14. The manometer was connected to the left quarter and milk 
rose to level of top of the udder. 
: The left quarter was next covered with a cloth protector and the kid allowed to suckle 
the right quarter for ten minutes. On taking pressure again in the left quarter a slight 
rise only was obtained but not comparable to that obtained after the injection of 1 o.c. 
pituitrin. The cloth protector caused the goat to become restive and nervous with the 
result that the kid was again and again disturbed in its meal by the mother moving about. 

Exp. X. 25.9. 14. The left quarter was milked dry and 145¢.c obtained. The 
kid was then allowed to suckle the right quarter only. ee 
95 o.c. additional milk were obtained 


- from these cxpeiiants it appears that suckling of one quarter 
causes in the other quarter a slight rise of intra-mammary pressure 
and a second flow on milking. The effect is clearly a reflex one, It 
is the same as that produced by pituitrin, and we do not think there can 
be any doubt that the final mechanism involved is the same in the two 
cases. We-have in consequence investigated whether the process of 
suckling causes increased formation of milk. Some evidence that this 
occurs has recently been given by Jackson‘ and 

The principle of the investigation was as follows: 

A cat was separated from her kittens for several hours (six or seven), 
the kittens were weighed at the end of this time as well as the cat. 
The kittens were then placed with the mother until they apparently 
had obtained as much milk as they required, when they were weighed © 
again and the increase in weight obtained, which represented the milk 
drunk. 

The cat was MS her loss in weight gave check to the 
gain in weight of the kittens. 

This was repeated each day till one obtained an average figure 
representative of the amount of milk obtained by the kittens. On 
the last day of the experiment the cat was separated from the kittens 
as usual but at the expiration of six or seven hours the cat was killed — 
by chloroform inhalation, the mammary gland carefully dissected off, 
thoroughly minced and, after extraction with Ringer’s solution (as 
detailed in the experiments), the material was filtered, the protein in 
the filtrate by Wiley’s reagent and lactose 


Biochem. Journ. vim. p. 1. 1914, 
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the polatimeter, simple‘ calculation then enabled one to obtain the 
amount of milk represented by this quantity of lactose. This milk 
represents the quantity of actually formed milk present in the mammary 
gland just before the kittens would have had access to the cat. We 
are justified i in such an assumption because it has been shown that the 
precursor of lactose within the mammary gland cell does not affect 
_ the figure obtained for the actually secreted lactose’. | 
had. been treated in every respect similarly to the other cats was killed — 
directly. aftet the kittens had finished their meal. The milk left in 
the mammary. gland after the kittens had been fully satisfied was then 
estimated and this figure added to that obtained by noting the increase 
in weight of the kittens in the first experiment gave the total amount 
of milk in the mammary gland of the eat during the suckling period. 
If one then finds that the total amount of milk actually present in 
the gland just at the commencement of suckling is not equal to that 
obtained by. the kittens plus that still remaining in the gland after — 
suckling is completed, then the‘ difference must represent the milk which — 
has been secreted during the suckling. 
_ The details of the experimental investigation are given Kilo: 


Exr. XI. Separated 9.30 a.m, to 4 p.m. 


29. 9. 14. Increase in weight of kittens uals - se 26 grms. 
4110. 14 Kitten removed 10410. 


Cat killed by chloroform inhalation 4 p.m. 
= 100 gems. Minced and left with 70 0.c. Ringer overnight. 

‘2. 10,14; Expressed fiuid from material through butter muslin—obtained 76 c.c. 

(A) 33 cc. filtrate +20. Wiley and filtered Polarimeter reading = ee 
tube) = -67 grm. lactose in .76 c.c, = 13-4 grms, milk. . sey. 
- (B) Residue (80 grms. including butter muslin) treated with 50 0.0. 
 -64c.¢., filtrate 33 o.c. + 1 ¢.c. Wiley and filtered Pol. reading = ‘15= 18 grms, milk. 
-. {CY Residue from B extracted for 4} hours with 50 0.0. Ringer. 

_ Pol. reading = -18° (2-2dom, tube) = 1-9 grms. milk. 

“The total milk sugar obtained was -85 grm. Allowing 6-07 *), Inctose in cat’s milk 
one obtains a total of 17-1 grms. milk. 


’ In a-subsequent experiment, it was shown that after the kittens have obtained all 
= grms. 


A. Compa Jor: 1913, 
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XIL thie very, snd trove at fires chtained. 
In some cases there was even a loss in weight of the kittens after they had been drinking 
for some time. 

It was observed that the mother was very active cleaning the kittens when they were 
given to her and the conclusion was that during cleaning the kittens might micturite or 
defecate into the mouth of the mother cat. A muzzle was then constructed and in all 
obtained. 

27. 10, 14. Kittens 41 ge. (me duo to evaporation of water rom lng ad 
body surface was allowed for). 7 

28, 10. 14. Kittens gained 48-5 grms. 

The cat was killed and the mammary gland dissected off, minced and lett with Ringer 
overnight, squeezed through butter muslin and 245 cc. filtrate obtained. 
(1) 80 + 2c.c. Wiley. Rotation of filtrate = -484. 

(2) Residue further extracted with filtrate 35 0.0. +1} .0.0. Wiley. 
Rotation = -170, 
3) Further extracted gland with distilled water 85 fitrate+ 3.00. Wily. 
Rotation = 

Total amount lactose = 1°312 grms. 
Total amount milk = 25-8 grms, 


Theron (47+ gran = ee ding hing 


12. 14. Kittens gained oon eee eee 


3. 12.14. Kittens gained 37-grms. 


4. 12, 14, Gland dissected off. Minced twice and treated 
with distilled water. Filtered through butter muslin, squeezing fluid from residue. Treated 
residue with water and allowed to stand overnight. . | 

(1) 182 c.c. filtrate, 66 c.c. + 40.c. Wiley. Rotation -57 = -988 grma, lactose. — 

(2) 157 o.c, filtrate, 50-c.c. + 20,0. Wiley. Rotation -30 = -448 grms. lactose. 

(3) Treated with water for 60 minutes, stirred: well several times, 200 c.o. filtrate, 
50 + Wiley. Rotation -05 = -005 grms. lactose. 


1-531 
“Thonefore (89 + 36) - 30-3 grms, = 12-2 grms. milk secreted during suckling, 


Exr. XIV, 21.12. 14.~ Cat with kittens 14 days old. 
After one hour kittens gained 25 grms. No farther increase in } hour. — 

22. 12. 14. Kittens gained 20 grms. in one hour. 
longér no increase. Cat killed and gland minced twice, etc. . 
First fltrate, 55 30.0, Wiley. Rotation + +106. Material and. cloth, left 
overnight. 

Rotation + 0-08 = approximately 8:5 0.0: mill. 


| the results of Bape. XI, XII, XI, 
in each case secretion of milk has taken place during suckling. The cat 
in XI showed 41°, milk secreted during. in 
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47°), milk secreted during suckling and in Exp. XI, 29%, secreted 
during the same period'. 
In accordance with what has been said above (p. 487) we conclnde 
“that pituitrin, like causés active secretion of the: 
gland. 


it cannot be said for certain whether the substance which ‘causes the 
rise is the same as that which causes a flow of. milk, it may at any rate 
be said that if the flow of milk is due to contraction of the: unstriated 
muscle of the mammary gland, we should expect that there would be 
also contraction of the unstriated muscle of the blood vessels. 

: To obtain information: upon this point experiments. were carried | 
out by Dr G. A. Knight; M.D., at the Women’s Hospital, Melbourne, 


at. our suggestion. Every precaution was taken that ‘the patients 


should feel perfectly comfortable and free from uneasiness.and that 
they should have no knowledge of the bearing of the experiments. The — 
women were given their babies to nurse during the taking of the blood- 
pressure readings. Also in most cases the readings quoted refer to 
second and third trials, women were with 
Blood- -pressure (Brachial artery). 


Primipara © 130 mm. 120 mm, ~ 10 mm. 

Cc 119 mm. 720mm. + Imm. 
H 0mm - 6mm 

Multipara I 120mm. § 120mm. 0 
M 120mm. i 112mm. - 8mm. 
R mm. 115mm. ~ 10 mm. 
0 115 mm. 10mm, - 5mm. 


We desire to thank Dr Knight and others concerned for thesé 
interesting figures, which were obtained with at: care and free 
from all bias upon the observer's part. 

The results indicate that there is no rise in ince accom- 
panying the normal lactation reflex in woman. 


amount appear to be grater in wl animal, epcally carivor, 
than in domesticated animals, 
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Finally we may note that small pieces of fresh lactating mammary 
gland tissue were examined microscopically and irrigated with pituitrin, 
whilst under observation. No evidence of muscular contraction could — 
be detected. | | 

Summary. 

1. “Pituitrin” injections cause a gradual.rise of milk pressure. 
The increase of pressure was maintained for at least 17} minutes in a 
goat and at least 40 minutes in a cow. In the goat, pituitrin causes 
_ extra milk to be available to the milker for a considerable time, ¢.g. 
40 minutes. If the effects were due to muscular contraction, we should 
expect them rapidly to reach a maximum and then to decline. 

2. We found that in cats about 60°/, of the milk is performed in 
the gland after 6-7 hours’ interval and about 40°, is secreted during 
suckling, #.e. suckling causes a true secretion. The effect of suckling is, 


so far as has been investigated, the same as that of pituitrin, and we 
conclude that pituitrin also causes a true secretion. | 
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Some relations between adrenin and anssthetics. + 
W. BuRRIDGE. 


The anesthetics, alcohol, ether, have a two-fold action 
on the excitability of the frog’s heart. 

(a) A depressing action reached quickly as a result of which more 
calcium must be added to the perfusing solution to produce effects of 
@ given intensity than was the case before the anesthetic was used. 

(6) A favouring action on heart activity reached more slowly than — 


the foregoing and resulting in condition of the heart in which less 


calcium is required in the perfusing solution to produce effects of a 
given intensity than was the case before the use of the anesthetic. 

The two actions appear to be independent and not to vary directly 
one with the other. After removal of the anesthetic from the perfusing 


solution the first action immediately disappears but the second = 


for some little time longer. 
As already shown in a previous communication the action of adrenin 
on the heart presents similar features. 
_ Adrenin differs from the anesthetics and the anesthetics one from 
the other in the relative intensities of the two stages. Normally adrenin 
is employed in such concentrations as allow the second or favouring | 


‘action to predominate whereas the anwsthetics are employed in such 


concentrations as allow their primary or —r action to — | 
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Hence by making appropriate choice of concentration of anesthetic 
and adrenin the two may be made to reinforce one another or appar- 
ently antagonise one another at the will of the experimenter. _ 

- A’ point of practical importance is that the depressing action of 
adrenin increases with increase of dose and the depressing action of a 
given dose increases with increasing enfeeblement of the heart. The 
enfeeblement following on the use of anesthetics does not appear to 
be an exception to this. Hence the more energetic the measures adopted 
with adrenin the less likely are they to restore a heart depressed by 
anesthesia. 


The isolation of parahydroxyphenylacetic acid from urine 
in disease. By N. Mutcu. (Preliminary communication.) 

Many patients suffering from deformities of the alimentary tract and 
delay in the passage of food through the stomach and intestines excrete 
hydroxyphenolic substances in their urine. I have now encountered 
them in sixty or seventy cases. These bodies are readily detected by 
applying Millon’s test to an etherial extract of acidulated urine. No 
reaction is obtained with normal urine. It has been possible to isolate 
_ parahydroxyphenylacetic acid in a pure crystalline form from the urine 
_ Of a patient who showed the reaction in a rather marked degree. He 
was a man aged 56 who presented symptoms suggestive of carcinoma 
of the stomach. His gastric secretion was very deficient in hydrochloric 
acid. His stomach was of normal size and a barium meal passed 
through it in 4 hours, but did not begin to enter the cecum until 
the 6th hour. The barium was not evacuated from the colon until the 
44th hour. There was thus marked delay in the small intestine and 
moderate delay in the colon. Six litres of his urine were acidified with 
_ sulphuric acid and extracted with ether. The-washed extract was 
evaporated at room temperature and the residue extracted with 
chloroform, which in its turn was allowed to evaporate slowly. The 
residue was then taken up in 5 °/, sodium carbonate solution, filtered, 
acidified, refiltered and extracted with ether. This extract was washed, 
evaporated at room temperature and desiccated. Hippuric acid was 
removed by cold benzene to which a few drops of chloroform had -been 
added.. The final residue was recrystallised repeatedly from boiling - 
benzene as advocated by Ewins and Laidlaw (this Journal, 1910, 
_ p. 79). In this way a few milligrams were obtained of a colourless 
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substance which reacted strongly with Millon’s reagent and crystallised 
in flat needles. Its melting point was 148°C. When mixed with 
synthetic parahydroxyphenylacetic acid, for which I am indebted to 
the Wellcome Physiological Research Laboratories, the melting point 
was 148°5C. The identity of the product was therefore regarded as 
established. 

Barger and Walpole obtained p-hydroxyphenylethylamine by 
the action of fecal bacteria on tyrosin. Ewins and Laidlaw (this 
Journal, 1910, p. 78) showed that a considerable proportion of 
p-hydroxyphenylethylamine given by the mouth was excreted as 
p-hydroxyphenylacetic acid. Most tyrosin appearing during digestion 
is absorbed before reaching the colon. Probably, therefore, some at 
least of the p-hydroxyphenylacetic acid excreted by the patients under 
consideration is derived from p-hydroxyphenylethylamine arising by 
abnormal bacterial of in the small intestine. 
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Permanent microscopical preparations of hemoglobin 
crystals. By J. A. Menzizs. 


The crystals shown were prepared from dog’s blood by the toluene 
method recently described by Bradley andSansum'. They were then 
placed in 10 per cent. formalin for 48 hours and mounted. In one case 
the hardened crystals were mixed with Farrant’s solution, in the other 
they were spread on a slide, allowed to dry, and mounted in Canada 
balsam. 

If a solution of pure oxyhsemoglobin is treated with excess of 
10 per cent. formalin no precipitate is formed, and the spectrum still 
shows the two bands characteristic of HbO,; therefore the method 
by which the formaldehyde impairs the solubility # the crystals 
remains an open question. | 


The preparation of hematin. By J. A. Menzies. 


The following method of preparing hematin is based on the soban- 
sium carbonate method described in the text-books. The drawbacks 
to the latter are (1) the large quantity of potassium carbonate required, _ 
(2) the time taken to dry the blood carbonate mixture, and (3) the 
fact that the solution obtained is comparatively dilute. 


1 Journal of Biological Chemistry, virt. p. 499. 1914. 
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Method.—Add to blood one-fourth of its volume of syrupy solution 
of potassium carbonate, place the mixture in a porcelain capsule and 
heat it on a water bath, with occasional stirring, till it sets to a dark © 
brown coagulum. This takes place at a temperature of 80°C. The 
coagulum is broken up with a glass rod and thrown into twice its 
volume of absolute alcohol or methylated spirit. A dilute solution 
of alkali hematin is obtained in a few minutes, but for thorough 
extraction the mixture should be allowed to stand overnight. In 
the latter case, when the solution is filtered off it is found to be a 
dark, almost tarry fluid, and to be a concentrated solution of alkali 
hematin with some alkali and lipoid substances, but no protein. The 
residue may be rubbed in a mortar with 66 per cent. alcohol to extract 
the remainder of the hematin. 

The solution may be neutralised with hydrochloric acid, when the 
hematin is precipitated. The precipitate is purified by successive 
washing with distilled water, alcohol and ether. _ 

The hematin may also be precipitated by adding to the solution 
twice its volume of ether. 

A third method of removing hematin from the solution is to 
precipitate it with calcium chloride and ammonia, or with baryta 
mixture, in which case the calcium and barium compounds respectively _ 
are obtained (see next communication). Of these two methods the 
baryta gives the more complete precipitation. These precipitates 
must be washed with dilute hydrochloric acid, decinormal or stronger, 
_ to remove precipitated carbonate, then with distilled water, — 
and ether. 


Hematin compounds. By J. A. MENziEs. (Preliminary com- 
munication. ) 

It has long been known that hematin forms compounds with 
calcium and barium, but little attention has been paid to the fact. 
A study of these compounds may, however, throw some light on the 
affinities of hematin. | 

Heematin exists in two forms. One, which occurs in solutions and 
moist precipitates, is soluble in dilute hydrochloric acid. The other, 
the dry substance, is insoluble in dilute acid, but is readily soluble 
in alkalies. It is suggested that the acid soluble variety may be a 
hydrated substance, and that the change which takes place on drying 
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may be similar to that by which a lactone is formed from a hydroxy- 


geld, 


Hematin in acid sabetinie is precipitated on dialysis, the acid acting 
as a solvent but not forming an actual compound. 


Hematin in alkaline solution is not precipitated on dialysis, although 


the solution becomes neutral to litmus, Sodium and potassium, there- 
fore, form compounds with hematin, these compounds being soluble 
in water. 

Calcium and barium, on the other hand, form compounds with 
hematin which are insoluble in water, but are soluble in alkalies 
with the formation of the alkaline compound. 

These facts, considered in connection with the basic properties 
of globin, indicate an analogy between hemoglobin and a. salt, the 
hematin playing the part of an acid. 


The expenses of this research and of that deniithed in the pre- 
ceding communication have been partly defrayed by a grant from 
the Government Grant Committee of the Royal Society. 
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The transformation of energy in muscle. Ja008 PARNAS. 
(Preliminary communication.) — 


(1) Parallel estimations have been made of the oxygen consumed 
by resting unfatigued and fatigued muscle. The frog's gastrocnemius is 
used in each case. It is carefully dissected out at 0°C. The muscle is — 
placed in a modified form of Barcroft-Haldane apparatus containing 
also Ringer's solution and 5 °/, caustic soda. The gas in the apparatus 
must have over 250 mm. oxygen pressure in order that the muscle may _ 
have an ample supply. For about 20 hours the completely fatigued 
muscle uses up oxygen at a greater rate than the unstimulated muscle. 
The excess of oxygen used by the fatigued muscle in this time amounts to 
0°1—0°15°/, of the weight of the muscle. This quantity is chemically 
equivalent to that necessary for the complete combustion (according to 
the data of Fletcher and Hopkins) of the lactic acid produced by 
the previous stimulation. 

(2) For the oxidation of all classes of organic substance one gram 
atom of oxygen corresponds to approximately 50 calories. | 

(8) Estimations have been made of the heat production of the 
gastrocnemius during recovery from stimulation. The increased heat 
production due to fatigue is 40—60°/, of that involved in the equation 


C,H,O, + 30, = 3CO, + 3H,0. 
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These observations were made -with a differential water calorimeter 
which was composed of two equal four-walled Dewar flasks. These 
filled with 45¢.c. of water have a heat loss of 8°/, per hour. The 
calorimeter was placed in a large water bath so that the external 
temperature only varied by 002°C. ‘The muscle was placed in a 
small brass “calorimeter-bomb” filled with oxygen by means of a 
tyre-valve. A similar bomb was placed in the control calorimeter. 
The temperature was measured by a thermopile. One calorimeter 
corresponded to galvanometric reading of 9 divisions on the scale. 
. Taking the two sets of observations together, it appears 

(a) That the lactic acid due to muscular fatigue is completely 
combusted in the muscle, and not rebuilt into the muscle. 

(b) That a portion, about one half, of the energy liberated 
in the reaction is stored as potential in the muscle, this portion 
amounting to a maximal yalue of about two calories per gramme 
of muscle, 

(4) No evidence was found of any substance intermediate between 
lactic and carbonic acids. 

(5) In the case of crushed muscle, Hookins and Fletcher had 
_ observed that the lactic acid production was as great in the presence 
of oxygen as under anaerobic conditions. My observations showed that, 
relatively to the amount of lactic acid produced, the oxygen used by 
the “ Muskelbrei” is insignificant. The oxygen used decreases greatly 
after about 5 hours. This decrease may be due to the acidity of the 

“Brei” becoming so great as to destroy an oxidative enzyme. 
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The effect of alterations of the viscosity of the circulating 
blood on the cardiac output in the heart lung preparation. By 
C. Lovatr Evans and Sacoro Oaawa. 


The experiments were made in order that some idea might be 
gained of the relation of viscosity to the mechanical conditions in the 
heart lung preparations. The conditions which obtain in the general 
circulation are different and have been the subject of many researches 
by other workers’. 

The experiments were made with the usual circulation apparatus 
(as figured in This Journal, XLVI. p. 426. 1913, but. without coronary 
cannula) and outputs of 100 to 300 c.c. per min. were used, the level of 
blood in the venous reservoir being kept at a constant known height 
above the heart; arterial pressure and temperature were also constant. 
The viscosity of the blood was altered by addition of warmed dog’s 
serum or 0°9°/, NaCl or centrifuged dog’s corpuscles, and was in each 
case measured by viscosimeters of the Ostwald pattern, of several 
different calibres. It is well known that with instruments of narrower 
calibre higher viscosities are obtained owing to the presence of the red 
corpuscles, When the blood is laked, although its viscosity is consider- 
ably increased, it then behaves in tubes of different diameters like any 
1 Du Bois Reymond, Brodie and Miller. Arch. f. (Anat. u.) Physiol. Suppt. 


p. 87. 1907. R. Tigerstedt and Johansson. Skand. Arch. f. Physiol, 1. p. 881. 
1899, and many others. 
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other homogeneous liquid would do. In wide tubes, say 5 mm. diameter, 

changes in viscosity still cause an appreciable alteration in the rate of 

flow, though it is much less than that seen in capillary tubes. The 

cardiac output experiments all showed marked alteration of output in 

the inverse direction to the change of viscosity. The following is 

typical : 
Exp. 1. Dog. Heart 45 grams, Blood level in venous reservoir 11 em. above heart. 
Arterial pressure 100mm. Temperature 86°C. Rate 146 per min. | 


Viscosities measured at 36° and expressed relative to water=1. 
Viscosimeter No. I. Time for flow of water at 36° C.=5-5 secs. 


” ” »» 22 23°5 secs. 
Per cent, alteration in 
for given flow 
Viscosity Through viscosimeter Hemoglobin 
L of Sood No. L No. Il. 
8-26 8°87 115 100 
5-42 60 94 +23 = + 62 +56 150 Corpuscles added 
728 887 74 +56 +122 ” ” 
1120 12°65 59 +96 +238 + 227 189 
§°82 6°6 77 +650 +78 +71 156 Serum A 
3°90 4°3 97 +19 +19 +11 120 
8°44 108 +7 -11 80 
1°86 2°0 120 ~8°5 43 -48 52°5 Saline 


The experiment shows that the alterations in the outputs of the 
heart are much less than those of time of flow in the capillary tubes ; 
these latter bear similar ratios in the two tubes of different bores. Now 
the chief factors which would be expected to diminish the output of the 
heart in such an experiment are: (1) viscosity effects in the tubing 
leading from venous reservoir to heart resulting in a diminished inflow 
into the heart. Starling and Patterson have shown! that the output 
of the preparation is almost entirely dependent on the inflow and we 
believe that this is the only factor of importance which is at work here. 
This is shown by the fact that the alteration in the output with change 
of viscosity is proportional, not to the rate of flow in capillary tubes, but 
to the alteration of the rate of flow along the tubing (6 mm. in dia- 
meter) leading from the reservoir. Thus in one experiment : 

Ratio of viscosities as measured by capillary method =2°6/1-67 = 1°56. 
Ratio of outputs from heart in experiment = 803/250 = 1/21 and = 895/835 = 1-18. 
Ratio of rates of free inflow from cannula into heart = 214/176 = 1-22. 


(2) Increased resistance in lung vessels. Since it has been shown 


however (Fiihner and Starling. This Journ. xuvi. p. 286. 1914) 


* Starling and Patterson. This Journal, xivm.-p. 867. 1914. 
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that even with high outputs the pulmonary resistance as measured by 
the pulmonary artery pressure is only slight, this factor is probably of 
little: importance. (3) Increased difficulty in expulsion of the more 
viscous blood from the ventricles : but direct measurements of the endo- 

cardiac pressure in the left ventricle show that it is smaller for the 
expulsion of the smaller amount of more viscous blood than for the 
larger amount of diluted blood as seen in Fig. 1, so that this factor is of 


little or no moment. 


Fig. 1. Exp, 2. Upper curve endocardiac pressure in u.v. Lower curve=arterial press. 
Curve (a) a.r.=104mm. Blood level Temp. 36-2°, Output=179¢.c./min. 
Viscosity 5°4. 
Curye(b) a.p.=104mm. Blood level 7- Som. Temp. 35-7°. Ovtpat=800 
Viscosity 2°9. 
Curve (c) a.P. =104 mm. Blood level 7°65 cm. Temp. 35°7°. 
Viscosity 21. 


Note on inhibitory phenomena. By W. 


If the base of the ventricle of the blood-containing heart of the foog 
be faradised with induction shocks of sufficient intensity to excite by 
spread the sinus and other structures the effects obtained are com- 
pounded of excitatory and inhibitory phenomena. The inhibitory 
phenomena have always been found to predominate. 

The inhibitory phenomena always disappear on perfusion of any 
inorganic salt-perfusing solution leaving only those of excitation. It 
has not been found possible to compound a perfusing solution consisting 
of inorganic salts only on which the frog’s heart can exhibit inhibitory 
phenomena under the conditions above mentioned. 

Inhibitory phenomena return 

(a) immediately after of the with large doses af 
potassium salts, 
b3 
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(b) during the period of failure when sufficient potassium has 
been added to the perfusing solution to stop the heart'in the dilated — 
condition. | | 

The return of inhibition under the former condition is only 
temporary. 

The addition of traces of adrenin to solutions mentioned under 
(b) allows phenomena of excitation to return without abolishing those 
of inhibition. : 

The favouring influence of potassium salts on inhibitory phenomena 
has already been pointed out by Botazzi, Howell and Duke, 
Macdonald and others. The results above indicate that blood contains 
a too great tension of potassium to be compatible with cardiac activity 
except in presence of adrenin. The cardio-vascular and other effects 
following excision of supra-renals are compatible with this assumption. 


| produced by adrenalin and by anesthesia. 
J. H. Burn. 


Experiments which have not yet been comipleted, have been made 
with the object of elucidating the relation between adrenalin hyper- 
glycemia and that produced by anesthesia. The following are in brief 
the conclusions which the results at present justify : 

1. Miculicich showed that adrenalin hyperglycemia and glycosuria 
in rabbits were prevented or stopped by the injection of ergotoxine. 
This is confirmed by my experiments which show in addition that the 
hyperglycemia produced by anzsthesia in rabbits or cats is not affected 
by ergotoxine in any dose which can be tolerated by the animal. 
Removal of the suprarenals in the anmwsthetised cat is followed by no 
decline in the hyperglycemia due to the anesthetic, during 14 hours 
following the removal. This indicates that anesthetic hyperglycemia 
is not due to accelerated output of adrenalin. | 

_ 2. It has been shown by Stenstrém that adrenalin hyperglycamia 
and glycosuria in rabbits are inhibited by large injections of pituitary 
(infundibular) extract. This observation seems somewhat anomalous 
in view of the synergic action of these substances in other directions ; 
but my own results completely confirm it, showing that small injections 
of pituitary delay and diminish the hyperglycemia and glycosuria 
caused by injection of adrenalin in the rabbit, while larger doses almost 
abolish it. Similar injections of extracts from other organs (thyroid, 
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testicle) had no such action. I find that the hyperglycemia caused by 
anesthetics in rabbits is similarly abolished by adequate injections of 
pituitary (infundibular) extract (10 c.c. intraperitoneally), but that 
such hyperglycemia in the cat is neither abolished nor even perceptibly 
depressed: by similar pituitary injections. 

Since pituitary extract checks the anesthetic hyperglycemia in 
rabbits (which ergotoxine does not affect), it seems clear that its 
depression of adrenalin hyperglycemia is not due, like the depression 
caused by ergotoxine, to specific paralysis of adrenalin action, but to a 
more fundamental interference with the sugar metabolism of the rabbit. 

The blood sugar might be reduced by pituitary in one of three ways : 

(1) By accelerated excretion through the kidney. This is 
excluded by the concomitant depression of glycosuria. | 

(2) By accelerated combustion of sugar. But dextrose injected 
during pituitary action disappears from the blood only at the normal 

rate. 

(3) There remains, as the only possibility, direct deterrent action 
on glycogenolysis in the liver cells, This would obviously abolish 
hyperglycemia whether due to direct action on the liver cells, as in the 
case of anzsthetics, or to stimulation of sympathetic nerve endings in 
- those cells, as in the case of adrenalin; only the latter effect would be 
abolished by the specific paralysing action of — as . find to be 
the case. 


The secretion of urine in decerebrate animals. By — 
J. Barcrort and H. Prprr. | 

Barcroft and Straub’ observed that the intravenous injection of 
Ringer’s solution caused a secretion of urine without any increase in 
the oxygen used by the kidney. The deduction made by them was that — 
the diuresis was due to physical causes and was not the result of increased 
work of the kidney cells, To this conclusion the objection has been 
raised that as the animals were under urethane, this drug may have 
imposed on the kidney the maximal consumption of oxygen of which 
it -was capable. This objection seems unsound because it does not 
indicate how the kidney could accomplish the production of a diuresis 
involving extra expenditure of energy when its oxygen intake was 
already maximal. Nevertheless we thought it desirable to test 


1 This Journal, xu. p. 145. 1910. 
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Barcroft and Straub’s result using animals decerebrated by the 
injection of starch into’ the garotid artery under ether. 
The following are the results of three experiments on rabbits, ‘The 


‘diuretic periods are printed in heavy type. The diuresis wan producsd 


by of Ringer's solution in case 


Bxp. 
0-48 
000 0 
10 0 
0-04 
1°10 20 


The error in the blood gas figures is about 10°/, Taken as a 
whole they confirm the results of Barcroft and Straub. 


“The effect of sodium sulphate in the submaxillary gland. 


‘By J. BARcRort. 


Barcroft and Straub! observed that intravenous injection of sodium 


sulphate (5 cc. of 15°/,) into a cat produced a diuresis which was 


accompanied by a considerable increase of oxygen used by the kidney. 
They considered that the secretion was therefore accompanied by, and 
in part the result of, increased work performed by the kidney cells. 
Dixon suggested that the increase in oxygen taken up might be a 


‘general effect of sodium sulphate on protoplasm and would show itself 


in other organs, e.g., the submaxillary gland. 
The following experiments show that sodium sulphate in the dose 
referred to, does not increase the metabolism of the submaxillary 


_ gland, which produces no secretion as the result of the drug: 


Exp. I. 12.83—12.87. 


12.30 12.48 1.8 
gram per min. 
‘Ey, Sodium sulphate injected 11.85. 
‘Time 11.28 11.44 12.8 12.55 2.45 | 
Oxygen used per = 022 016 016 019 oOo 


This Journal, x12. p. 145. 1910, 
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‘018 ‘018 016 
gram per min. 


result of the sodium sulphate. In two out of three cases it was 
| 


- Simple, cheap and effective electrodes for class purposes can be made 
_as follows for experiments on smooth muscle, on intracardiac stimulation 
of the vagus, on the ‘all-or-none’ principle or on the refractory phase of 
the heart. A no. © camel-hair brush with metal bristle-holder is cut 
short, as in figure; a hole is drilled longitudinally through the wood as 
far as the metal holder and through this copper wire passed and soldered 
to the holder. 

7 The paint-brush is fitted into a small brass clip that slides to 
and fro, or up and down, on a small rectangular piece of tin-plate 
provided with points to stick into the frog board. When the electrodes 
are to be used the brushes are moistened with Ringer. They can be | 
very rapidly adjusted to the position required, for they are free to slide 
or rotate in one plane, though rigid as regards the others. 


I. Electrode and stand: about ¢ actual size. (a) paint brush with metal holder and 
wooden handle, the latter cut short, (b) tin-plate stand, (c) bras sclip, (d) wire lead 
passing through centre of wooden handle and connecting with metal part of paint brush. 

II. End-on view of brass clip (a) and tin-plate stand (0). 
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For three years electrodes of this type liave been in use in the 
School of Physiology in Liverpool and they are being used in this 
laboratory and prove more than satisfactory. The advantages over the 
normal type of electrode are manifold. The electrodes stay in position 
indefinitely; the soft brushes cannot possibly damage the tissues; 
contractions of the hand of the operator are not recorded as when the 
wire electrodes are used and the area stimulated may be as punctate or 
diffuse as you will. The brush electrodes are also eminently useful for 
unipolar stimulation. Should non-polarisable electrodes be required, 
bent glass tubes partly filled with a 10 per cent. solution of gelatine in 
Ringer with zinc sulphate and zinc rods beyond can be fitted into the 
clips that normally carry the brushes, 


A cruder form of the electrode can be made by direct soldering of — 


_ the wires to the metal holder of the brush and slitting the wooden part 
of the brush so that it can slide over the tin-plate stand. This form 
can be made by anyone competent with a penknife and a soldering iron. 
The above described more adaptable form is due to Mr Cracknell, the 
mechanic in the Physiological Laboratory of McGill University. Cost 
at the outside should not be more than sixpence per pair. : 
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On guanidin or methyl-guanidin as a toxic agent in the 
tetany following parathyroidectomy. By D. Paton, LEonARD 


Finpiay and Davip Burns. (Preliminary communication.) 


(From the Physiological Laboratory, University of Glasgow.) 


- The cause of the characteristic train of symptoms which follow 
parathyroidectomy has so far not been determined. 7 
- The work of McCallum seems to show conclusively that they are 
due to the development of some toxic substance, although he still 
maintains that a calcium deficiency is the prime factor. The fact that 
the symptoms are removed by bleeding and transfusing a calcium free 
salt solution is however decisively in favour of the presence of a toxin. 
The action of this toxin on the muscular mechanism is certainly 
counteracted by calcium and other bivalent metals, probably by their 
sedative action. 
The work of Pekelharing and Van Hoogenhuyze in 1910-1911, 
associating the creatin of muscle with its tonicity rather than with its 
ordinary contractions led one of us (D. N. P.) to suggest to D-B, the 
investigation of the influence of various guanidin compounds upon the 
neuro-muscular system. Guanidin hydrochloride and carbonate were 
used. In the course of experiments ujfon rats it was observed that the 
symptoms produced were very similar to those manifested by cats after 
parathyroidectomy. A further study by us of the action of guanidin 
hydrochloride on cats and rabbits has shown that all the symptoms 
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of parathyroid tetany are produced, not only the spasticity, the tremors, 


the incoordination, the disturbances of balancing and the convulsive 


seizures associated with the central nervous system, but also the 


markedly increased response of the peripheral neuro-muscular mechan- 


ism to galvanic stimulation. (After intraperitoneal and intra-muscular 


injections, the absorption appears to be slow, and with doses of 0°066 
to 0°13 grms. of guanidin hydrochloride per kilo the symptoms are 
continued from one to five days.) The fact that guanidin acts first as 
an activator, and later as a paralyser, of the neuro-muscular junction, 
and that it also first excites and then depresses the central nervous 
system explains the diversity of the action in different doses and at 
different times after administration. The observation of Fiihner that 
these effects of guanidin are removed by the administration of calcium 
still further correlates them with those of tetany. 
W. F. Koch (J. of Biol. Chemistry, xu. p. 313. 1912, and 
XV. p. 42. 1918) records the presence of methyl-guanidin in the 
urine of six dogs after parathyroidectomy. D. B. has confirmed this 
_ observation, finding only traces of methyl-guanidin in ‘the urine before 
the operation, but a distinct amount in a small quantity of urine 
(100 .c.cm.) passed after thyroparathyroidectomy. ‘'hese investigations 
are still in progress. 


So far we have been unable to obtain methyl-guanidin, but Fiihner 


states that its action in frogs is similar to that of guanidin. 


He compares the guanidin action to that of the univalent ios 


metals, Hence the significance of calcium in the determination of 


symptoms of tetany. Probably the great variation in the course of _ 


_ these symptoms is in part due to the inter-relationship of the guanidin 
produced in the faulty metabolism and the supply of calcium in the 
food or the amount available in the tissues. 


A small quantity of methyl-guanidin nitrate has recently been sent. 
to us by Prof. Pekelharing. We find that it produces in rats the _ 


same nervous symptoms as those produced by guanidin. 


Anesthesia by hypodermic injection of ‘pieAdinek 
malonyl-urea. By W. L. Symes. (Second Note.) 


This substance, otherwise described as phenyl-ethyl-barbituric acid, 
commercially known as Luminal, and advertised as an active hypnotic 


with some anodyne power, is ew closely related to the officinal 
drug barbitone (veronal). 
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A description of its mode of employment and of its physiological 
effects has already been published. The following details summarise 
_ and supplement those already given. 
Injected under the skin of the back, in doses between 0°15 and 
02 gm. per kilo body weight, it has proved a convenient anesthetic for 
young adult cats. The larger dose is the more convenient, in that 
anzsthesia is more rapidly attained, but is in excess of the optimum, 
- and has in some cases proved fatal about six hours after injection. 
With an initial dose, between the above limits, followed by repeated — 
smaller doses, as required, it has been found possible to keep cats 
continuously anesthetic for two or three weeks on end. . 

The respiratory and cardio-inhibitory centres are noticeably de- — 
pressed even during moderate intoxication by luminal, the chrono- — 
tropic effect of the latter disappearing before the inotropic effect ceases 
to be recognisable. The pulse is consequently rapid, the arterial | 
' pressure high, and the ratio of pulse frequency to respiratory frequency 
markedly increased. 

In striking contrast with the above, is the low susceptibility of 
the vasomotor system. Arterial pressure remains high and pressor 
as well as depressor vascular reflexes can be elicited even during 
‘Intoxication so deep as to exclude concomitant reflex contraction of 
skeletal muscles. 

the same time, reflexes are so gradually affected that~ 
persistence of a brisk corneal reflex is compatible with intoxication 
deep enough to ensure anesthesia for most operations. 

Death from over dosage is gradual and due to failure of respiration. 
In such a case circulation can be maintained with the aid of artificial 
respiration and spontaneous breathing has been restored after appa- 
rently final cessation. 

The heart appears to be unaffected, and responds both to vagal and 
to sympathetic excitation. 

A cat (29 kilo) has been kept atinnthotio. for 22 days, by an initial 
dose of 0°4 gm. followed by doses of 0°1—0°2 gm., as occasion required ; 
the total dosage amounting to 2°7 gms. during this period. The 
animal was fed daily with 100 c.c. of milk, and lost, in weight, 
- 300 gms., 170 gms., and 140 gms. in the first, second, and third weeks 
respectively. Rectal temperature ranged from 28° to 41°, falling with 
increasing intoxication and with falling external temperature. On 
the 23rd day, after a further dose of 0°3 gm., which sufficed to produce 
extreme intoxication, the mean arterial pressure was 115-120 mm. Hg, 


ay 
on 
Ne 
4 
3 
(7 
> 
by 
rg 
vag 
iN 
a 
= 


sx. PROCEEDINGS OF THE PHYSIOLOGICAL 
was only slightly raised by division*of the vagi and by excitation 


of the central end of the sciatic, but fell 50 mm. during excitation of 


the depressor and returned, on cessation of excitation, to its former 
level. : 


Rabbits, as well as cats, are satisfactorily anesthetised by luminal ; 
but more conveniently by intravenous, than by subcutaneous injection. — 
The allied compound veronal appears also to be a serviceable 


anesthetic. It is however much less active than luminal and has not 
appeared to offer any advantage over this substance. : : 


As compared with urethane, luminal is approximately ten times 


as active, and eight times as expensive. It is therefore relatively the 
more economical as well as the better anesthetic. — ae 


A first step in the analysis of the dog’s ventricular electro- 
cardiogram’. By Tomas Lewis. (Preliminary communication.) 
(Cardiographic Department, University College Hospital 
Medical School.) 


In a recent communication by Lewis and Rothschild (Phil. Trans. 


Roy. Soc. 1915) it has been shown that the excitatory process spreads 
to the ventricle through the arborisation of the auriculo-ventricular 
bundle and its branches. When the distribution to the various regions 
of the ventricular muscle is plotted, it becomes evident that the spread 
to a single ventricle, right or left, is isolated, being confined to that 
chamber. .Compression or section of one or other of the two chief 
divisions of the auriculo-ventricular bundle completely. corroborates this 
conclusion, for, if conduction along one branch (right or left) is abolished, 
the distribution to the other ventricle is in no way affected. This 
conclusion is important because it clearly indicates that the normal 
electrocardiogram is in reality a bigram, expressing the algebraically 
summated effects of right and left ventricle. 


If a special form of clamp be used, it is possible to obtain the 
initial phases of both the deatrogram and the levogram in one animal, — 


_ by alternately compressing the left and right branches of the A.—v. 
bundle, respectively. 


-} Observations undertaken under the tenure of @ grant by the Medical Research 
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Taking simultaneous records from suitable points on the surface of 
the heart, corresponding phases of the dextrogram and levogram may 
be ascertained, and one curve may be accurately plotted against the 
other. When this is accomplished, the two curves may be summated 
algebraically ; the resultant curve is a replica of the initial deflections — 
of the natural electrocardiogram. Every detail of the natural curve 


-is reproduced, both as regards the times of onset of its several phases, 


and as regards the voltages which these phases express. 
There remains no doubt, therefore, that the normal electrocardiogram _ 

is a summated expression of the isolated activities of right and left 

ventricle ; in other words, that it is in reality a bigram. | 
Studying sets of three corresponding curves (bigram, dextrogram 


and levogram) it becomes clear that Q is produced by initial and usually 


unbalanced activity of a portion of the left ventricle, probably the 
cephalic extremity of the septum; that R is due, for the most part, to 
a preponderance of right ventricular effects; while S is due to a 
preponderance of left ventricular effects. | 

Clearly, the further analysis of the electrocardiogram should comprise 
separate analyses of the dextrogram and levogram. This work is in 
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Gases of low level of nitrogen excretion, By J. Hotker, 
J. P. Scorr, and F. W. Lams. 


Case 1. Female, age 34; weight 46'5; life sedentary. 
(a) 5 days’ analyses. 


Total Nitrogen Average 3°86, varying from 2°67 to 4°62 

Urea » 221 ,, 432 (from 77:2 to 93°5°/,) 
Ammonia ,, ” “6, a 5°6°),) 

Kreatinine ,, ” “12, » O64, ( O9,, 6°6°/,) 

Uric acid ” “08, ” 05 12 ( 1-9 


Undetermined Nitrogen Bl, » ,, 142%) 
(b) 19 days’ analyses. | 


Total Nitrogen Average 8°8, varying from 2°27 to 4-82 

Urea ” ” 2°92, 1°82 8°95 (from 66°8 to 
Ammonia ,, ” “24, ” ” 14 ,, » 8® ,, 
Kreatinine ,, “29, ” » "26 ,, ( » 58 12°6°/,) 
Kreatin ” ” ” » ‘ll ( » OO , 265 
Uric acid ,, ” ‘ll, ” ( » & 
Undetermined Nitrogen, 21, » ‘1 BO (  028,, 187%) 


Case 2. Female, age 38; weight 47°2 kilo; life active. 


10 days’ analyses. 

Total Nitrogen Average 5°86, varying from 2°31 to 901 

Urea 4°63, ” 14 9 789 (from 60-6 to 88° 1%,) 
Ammonia ,, “36, ” “49 ( » 8°6°,) 
Kreatinine ,, ” “36, ” » ,, 62( ,, 26 ,, 129%, 
Kreatin ” ” ” ” “0 ” 8 ( 0 ” 
‘Uric acid ,, ” “18, » MC, 17,5, 
Undetermined Nitrogen ,, ‘2, ‘Ol ,, “62( “25, 140%). 


d 


f 
= 
% 
> 
~ 
5 
j 
| be: , 
> 
4 
A 
x 
ay 
4 
“sg 
> 
wes x 


xxiv  PROOREDINGS OF THE PHYSIOLOGICAL 


A quantitative respirometer. By YANDELL HENDERSON. 


For many problems in respiration there is need of a quantitative 
recorder which will interfere with natural conditions as little as possible 
mechanically, and will not involve rebreathing. A device which I have 
found to fulfil the requirements, and which in addition has practically all 
of the special advantages of a Douglas bag and a Benedict apparatus, is 
shown in the figure in three forms A, B, and C. Form A consists 
merely of a spirometer with a rubber bag inside it, connected with 
valves and mouth piece or tracheal cannula in such fashion that the 
subject inspires from the bag, thus drawing the spirometer down, 
and expires into the spirometer outside the bag, thus pushing the 
apparatus up again. These movements are recorded on a smoked drum, 
until all of the air has been transferred from the inside to the outside of 
the bag, when the observation must be interrupted to refill the bag with 
fresh. air. 

In Form B the bag is placed inside a large bottle, and bag and bottle 
are connected with inspiratory and expiratory valves and a small recording 
spirometer. It is suitable for small animals for periods of many minutes. 
With a couple of bulbs or bottles (not shown), one containing fresh air and 
connected to one side of the apparatus, and the other full of water at a 
higher level and connected to the other side of the apparatus, a new 
charge of fresh air can be run in and the expired air simultaneously 
withdrawn, without interrupting or affecting the record, by merely 
allowing the water to run from one bulb to the other. | 

Form C has been found satisfactory for observations on man. The 
rigid chamber consists of two large galvanized iron ash cans. A rubber 
bag of the same wide mouthed shape is fastened near the junction of the 
two cans over a flange soldered into one of them. A second bag has also 
been inserted so that either the inspired or the expired air may be 
fractioned. With flanges soldered on as shown all joints are easily made 


air tight by packing with cotton wool and then pouring in melted 
paraffin wax, The recording spirometer is connected on the expiratory 


side of the apparatus so that its tubes (as shown) and the water which it 


contains cool the expired air practically to room temperature. By means - 


of the double acting pump at the side of the ash cans equal volumes of 


air can be simultaneously injected on the inspiratory side and removed — 


from the expiratory side without affecting the movements of the 


# i 
| 
| 
| 
| 
| 
| 
| 
| 
| 
band 
3 
= 


SOCIETY, MAY 15, 1915. xxy 


A continuous quantitative record of respiration can also be obtained 
by means of the apparatus D. It consists of a spirometer divided by a. 
rigid annular partition into two chambers of exactly equal volume. One 
chamber is connected by a tube to the inspiratory and the other to the 
expiratory valve on the mouth piece. In each tube near the spirometer 
are large ports with covers which are held in place by springs and are 
opened electrically. A sensitive tambour connected with the mouth 
piece makes and breaks the circuits. — : 
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An analysis of the ‘mammalian levogram. By THOMAS 
Lewis!. (Preliminary Communication.) 


(Cardiographio Department, University College Hospital Medical Schools.) 


In a recent preliminary communication (Proc. Physiol. Soc., March 
13, 1915) I described the axial electrocardiogram of the dog as con- 
sisting of the algebraically summated effects of the right and left 
ventricles; terming the two curves which go to form the combined 
electrocardiogram (or bigrami) dextrogram and levogram respectively, 
and pointing out that the further analysis of the initial phases of the 
bigram should comprise separate analyses of the two curves of which it 
is a composite. 


I have now analysed the levogram, using Einthoven’s method of | 


determining the electrical axis of the heart and studying its rotation. 
While the initial phases of the levogram are written, the electrical axis 
moves in the dog in an anticlockwise fashion, the movement being 


practically uninterrupted in this direction. To take an example and 


considering the angle formed with a base line passing through the two 
shoulders, the angle is at first 150°; it passes through 254° ending at 
— 104° (Fig. 1). oe 

Believing that the electrical axis gives the average direction in which 
the excitation process is moving, I attribute the change of axis to a 
corresponding change in the direction in which the excitatory process 


The change in direction indicates that the excitation wave on the 
left side first flows from left to right and perhaps upwards in the upper 
part of the septum ; later from left to right and downwards in the lower 
septum ; later from above downwards and to the left at the apex and in 
the lower parts of the lateral wall; and lastly from below upwards in the 
upper parts of the lateral wall. This change, and the distribution 
suggested, is remarkably consistent with the surface readings of the 
excitatory process, obtained by Rothschild and myself and with our 
hypothesis that the excitation wave travels away radially from the 
Purkinje network. | 

The statement of Rothberger and Winterberg (Zeitschrift f. 
Hers- u. Gefdsskrank. v. 206. 1913) that the has its 
phase in the downward direction in leads I and III in the dog is not 


1 Working under the Medical Research Committee. 
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universally true. It is true in some instances, and when this arrange- 
ment of the deflections obtains, the electrical axis is rotated very 
rapidly across the line of 0° (Fig. 1). In a monkey, in which animal 
_ there are no strands of Purkinje substance bridging the cavity, the 
_levograms of leads I and III showed chief deflections in directions 
opposite to each other; the anticlockwise rotation of the axis was 
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- Fig. 1. A diagram showing the anticlockwise movement of the electrical axis when the left 
; ventricle passes into a state of activity. The horizontal figures represent the times in 
seconds, subsequent to the first appearance of the excitation current. From a dog. 

The diagram may be held to represent also the distribution of the excitation wave 
in the left ventricle. 


remarkably uniform, and the curves as a whole presented the closest 
resemblance to those which are held to represent damage of the right 
bundle branch in the human subject. The last-named curves, when 
analysed, demonstrate a similar and very uniform anticlockwise rotation 
of the electrical axis through much the same angles. 
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On certain chemical differences of the serum of old and 
young rats. By A. §&. nee H. G. Grtweavm and 
H, 8. Raper. 


Two properties of the serum have been examined: (1) the hemo-— 
lytic power in combination with cobra venom and (2) the phosphatide 
content, 

By a method described elsewhere’, it can be shown that the inacti- 
vated serum of young rats assists cobra venom hemolysis much more 
than that of adult animals. The difference in rate and completeness is 
so marked that the reaction can be used as a laboratory experiment for a 
practical class to demonstrate a biological difference between young and 
adult animals. 

Corresponding to this it is found that the phosphatide content of the 
serum, estimated by the method? described by one of us (H. 8. R.) is in 
the case of young rats almost double that of adults. | 

The lake aiding property may bear some relation to susceptibility. 
Young rats whose serum shows the characteristic are more susceptible to 
inoculated sarcoma, and all successfully inoculated rats in which the 
_ tumour continues growing show the reaction. It also appears in certain 
infectious conditions, eg. anthrax and trypanosomiasis, and here the 
phosphatide content is also increased. 

On the other hand, the hemolytic power and the absolute amount | 
of phosphatides do not appear to be related in other species, but further 
enquiries along the lines indicated are being made in the human subject 
and other animals. 


| Transmission of infra-red rays by the structures of the eye 
and by Crooke’s glass. By H. Harrrinae. 


We found in our early experiments that the various eye structures 
absorbed the infra-red radiation to approximately the same extent as 
would an equal thickness of water. 

In the case of the lens, however, the agreement was not 80 somgilate 
as it was in the case of aqueous and vitrous humours. 

This want of agreement we traced to the fact that the lens does not 


1 J. of Path, and Bact. xvmt. p. 484, 1914. 
* The Biochemical Journal, vin. p. 649.. ‘1914. 
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contain 100°/, water, and that when an equivalent thickness of water 
was substituted the agreement was much better. 

We considered that the agreement between these results for the eye 
_ structures and water justified us in assuming that the want of agree- 
ment was accidental. 

We obtained values therefore for the absorption of water at different 
wave lengths, and stated the results in percentage of the intensity of 
the incident light. 

From these values we then calculated the amount of incident light 
energy reaching to different depths in the eye. 

Inspection of these results brings out the following points. The 
cornea absorbs a large amount of heat energy down to about 14,000. 
The iris beside absorbing ultra violet and visual rays also absorbs a 
smaller amount of heat particularly from 47000 to 418,000... The lens 
absorbs a very small amount, from 19000 to rl7, 000, about 16°/, of the 
energy incident on the eye is absorbed. 

A large amount of heat reaches the retina unchecked, namely ne 
7000 to 211,000. 

These results would appear to make the attempt to explain the 
development of Glassmaker’s cataract from the direct action of the 
absorbed radiation on the lens itself, a difficult one. 

_ With regard to the question of the protection of the eyes from 

harmful radiation by suitable spectacles, our tests of the Crooke’s 

glasses show that they will admirably fulfil their purpose. Glass No. 217 

is specially good. Its colour is greenish; it transmits about 40°/, of — 

visual rays, 10°/, only of ultra violet between 43000 and 4000, and 
4°/, of the heat radiation from the Nernst filament. 


Note on the production of twitching in frog's muscle. 
By J. N. Lana.ey. 


It was shown by myself! that the twitchings normally caused in 
frog’s muscle by nicotine 001—01 p.c. may be absent if the frog 
has been kept in the laboratory for some time, or if the muscle is taken 
from the body some time after the death of the frog, although contrac- 
tion is readily obtained by nerve stimulation. A similar result was 
obtained by Camis* with guanidine. And Fiihner® has shown that a 

1 Journ. of Physiol. xxxvm. p. 288. 1908. 


[bid. xxxrx. p. 86. 1909. 
8 Arch. f. Exp. Path. u. Pharm. vit. p. 14. 1908. 
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slight increase of CaCl, in Ringer's fluid prevents the guanidine 
twitchings. Thus an alteration which does not seriously impair the 
passage of impulses from nerve to muscle is sufficient to prevent 
the production of twitchings. 

It is not only the muscular twitchings produced by special poisons 
which are decreased by keeping a frog in confinement, or by allowing 
the muscle to stay in the body after death. Those caused by immersion 
of the muscle in pure sodium chloride solution are also much delayed 
in onset, greatly reduced in number, and much sooner cease. If the 
sartorius of one side is left in the body for 3 of an hour after death 
and then placed in NaCl ‘6; and the sartorius of the other side is 
taken straightway after death, left in Ringer’s fluid for 12—-24 hours, 
and then placed in NaCl ‘6; the former twitches but little, the latter 
vigorously. The decrease of irritability which occurs in the bod 
is probably due to the post mortem formation of acid. i 

It is commonly said that a muscle which is contracting spon- 
taneously in pure sodium chloride solution ceases to contract when 
it is transferred to Ringer’s fluid. This statement is only true with 
certain limitations. After the muscle has been for some time in the 
NaCl solution, the immediate effect of transferring it to Ringer's 
fluid is commonly to set up contractions, The character and duration 
of the contractions vary considerably as the conditions are varied. 
_ My observations have been made chiefly on the sartorius placed in 
NaCl ‘6 p.c. The forms of contraction are (a) more or less prolonged 
bending or shortening of the muscle; (b) twitchings of the muscle 
or of parts of it causing brief obvious bending or shortening; (c) a 
rapid weak contraction of the muscle fibres causing quivering of more 
or less of the muscle, suggesting fibrillar contraction. One or other of — 
these forms may predominate and occasionally twitches only occur. So 
far as my observations have gone the prolonged contraction occurs 
chiefly in muscle which does not twitch actively in NaCl. The effects 
are perhaps most striking when the muscle in NaCl only twitches at long 
intervals, They are considerably greater if the Ca and K salts in the 
- Ringer's fluid are only about °1 p.c. instead of about ‘2 p.c., but some 
effect may be obtained with the NaCl increased to ‘9 p.c. and the KCl 
to 04 pc. Other variations I have not tried. The contractions do not 
last long, they usually decrease in } to 1 minute and cease in 8 mins; 
the maximum duration I have seen is 7 mins. When the muscle has 
come to rest, brief immediate twitchings and quivering may occasionally 
be obtained by placing the muscle back in the sodium chloride. Thus 
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after a muscle has been in approximately isotonic NaCl solution, 
the salts of the blood in their normal proportion may cause twitching 
with little or no delay, and the removal of the salts may have a 
similar effect. Since the twitching is brief, it is no doubt caused 
by some surface change which rapidly reaches equilibrium. 


device for regulating the work per revolution 
of the bicycle ergometer. By Avucust Kroau. 


In a bicycle ergometer with electromagnetic brake the work per 
revolution depends both on the current and on the speed, and Benedict 
and Cady have shown that with a constant current the work increases 
at first with the speed, then becomes practically constant over a certain 
range of speeds and finally decreases. In my ergometer, which-is 
characterized by the magnets being mounted on a balance and the work 
per revolution weighed directly, it is necessary so to regulate the current 
that the balance is always kept even. The apparatus has been so 

adjusted that at ordinary loads and speeds the influence of speed-varia- 
tions is minimized, but still it is necessary in experiments lasting more 
than a few minutes to watch the balance and regulate the current from 
time to time. An automatic device for performing this control has been 
worked out about a year ago by the mechanician of the Zoophysiological 


Laboratory, Mr H. Pedersen, and myself. Advantage is taken of the 
fact that, if only the resistance is large, 220 volts can be put on to 
interrupters with platinum contacts without any damage being caused by 
the sparking. The contacts 1 and 2 on the diagram are arranged on 
the pointer of the balance carrying the magnetic brake, while 3, 4, 5, 
and 6 are on the table. Contact can be made either with 3 and 4 or 
with 5 and 6, thereby actuating and reversing the small motor 7 (220 
volts, 0°04 amp.). Through a worm and wheel coupling the motor 
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drives the sledge contact 8 on the resistance 9 and thus regulates the 
current through the brake magnets 10. This arrangement has been in 
use in my laboratory for some time and has been found to work well 
and to control the brake effect to within 0°01 kg.m. per revolution. 

The bicycle ergometer has recently been tested by Dr Benedict in 
a calorimeter at the Nutrition Laboratory, Boston. It results from 
these tests that the machine is at all loads practically free from friction. 
The amount of work recorded by the balance works out on an average 
of 34 determinations with loads ranging from 1 to 6 kg. and speeds 
ranging from 145 to 45 revolutions of the pedals per minute to be 
100°04540°057"/, of that indicated by the calorimeter. vee 


- A note on the colour of blood and its oxygen content. By 

On centrifugalizing ox blood and pouring out the corpuscles I have 
_ often noticed that the corpuscles at the bottom of the glasses were very 
perceptibly darker than those in the upper layers, I thought that this 
must be due to a difference in oxygen content and formed a rather 
complicated hypothesis about an unequal distribution of the oxygen 
between corpuscles and differences in specific gravity between oxy- 
genated and deoxygenated corpuscles. The matter was put to the test 
by taking 4 c.c. samples both from the upper layers and from the bottom 
and determining the oxygen content, but I found that though the 
difference in colour was very marked, the samples from the bottom 
being darker than those from the upper layers, the percentage saturation 
with oxygen was quite the same. __ 


O, capacity %saturation Oycapacity saturation  Oycapacity saturation 

Bottom 87:7 60-7 857 90°2 89-0 86-0 
Upper layer 699 B06 94°0 84°5 


It appears therefore that the colour of blood in: reflected light is 
not simply a function of the oxygen content and that conclusions based 
for instance upon the darkening taking place after a short interval in 
shed blood (Pfltiger) are untrustworthy. aaa 
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Calculation of the axial angle. By A. D. WALLER (with the 
assistance of Mary D. WALLER). 


The essential points in my first description of the electrical effects 
of the heart’s beat in man consisted in the use of the mouth and 
extremities as leading-off electrodes, and in the distinction between 
“favourable” strong) and “ unfavourable” (i.e. weak) leads in 
conformity with the obliquity of the heart’s axis. 

I reckoned the right-hand or axial lead as favourable and the left- 
hand or equatorial lead as unfavourable, and without actually for- 
mulating the relation, I recognised that the difference between strong 
and weak, «.e. Right and Left, was greater and smaller with greater and 
smaller obliquity of the cardiac axis. : 

Einthoven, who repeated my observations first with the capillary 
electrometer, then with his string galvanometer, confirmed them in all 
respects except one, which however is capital. He objected (Pfliiger’s 
Archiv, xxi. p. 552. 1908) to my having reckoned the left-hand lead 
as “unfavourable,” and accounted very ingeniously for my imaginary 
mistake, and promulgated his well-known equation Il —-I = III which 
by implication contains the statement to which he took exception. 

I have never accepted the validity of Einthoven’s criticism. 
I have continued to insist upon the distinction necessary between 
“strong” and “weak” leads, and have hardened the qualitative 
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statement concerning their relation to the varying degree of obliquity 
into a quantitative statement : 

strong — weak 

strong + weak ’ 

which under the conditions of the human body becomes 


right — left 
right + left’ 


thus e.g. if the electrical effect of the heart aig is twice as large with 
the right as with the left hand, then 


2-1 2 ° 
= 5=067, a= 84’. 


Meanwhile Einthoven has given (Pfliiger’s Archi, OL. pp. 275- 
315. 1918) a geometrical construction for the calculation of an axial 
angle from observed magnitudes of Ry and Ry, which gives the same 
result as that’ obtained by my formula, but in a very roundabout way, 
involving the use of special tables of the observed and manifest 
potential differences for different values of a 

He illustrates his method by the following example (p. 310, loc. 
cit.). “ Example I*. In the case of ‘Bak’ the R-wave in the inspiratory 
position measured in tenths of a millivolt is found to be: R,= 32, 
Ry = 12°65, Ry = 9°3. We have therefore for these waves : 


2 = 12°5 : 93. 


But since the table gives the relation of the potential pe Si to 
a maximum value of + 10 we must multiply these three numbers by | 
= , obtaining therefore : 

“On inspection of the table it can be seen that this relation corresponds 
with an angle a between the values of 70° and 80°. As shown by the 
table the value of ¢, diminishes from 3°5 to 1°8 between 70° and 80°. 
An interpolation table must therefore be selected that is included 
between these figures 3°5 and1‘8. Table II answers to this. One finds 
here for e= 2'5—+.¢. for the value which is nearest to the value e, = 2°6 
—that the corresponding angle a= 6°. From which it follows that the 
required value is a= 70° + 6° = 76°.” 

Now all this is amazingly clumsy. It has taken me quite a —_ 
time to realise that an approximately correct result can be got at in this 
fashion, and that it coincides pretty well with the precise value obtained 


tana=k 


tana=2 
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"by the simple formula derived from the simple ratio between right and 


left, and described at length in Vol. 86 of the Proc. R. S., p. 573, 1913. 

Einthoven’s R, and Ry, are what I have been accustomed to 
describe as the Right and Left-hand spikes. Their values as given 
above for “ 


125 — 93 
125 +93 


I found (and find) it most natural to take the axial angle a with 
reference to the vertical; Einthoven has preferred to take it with — 
reference to the horizontal, Taking a as he does my formula becomes 


becomes tan a= 1°73 =(0°254, a=14°15’. 


= 0°254, i= 76° (75° 45°), 


Applying this formula to the expiratory values 11:2, Ry = 2 


we have 
11°2—2 


11242 
ee a with reference to the vertical the calculation is 


112-2 
112+2 


cot a= 1°78 = 1:2057, a=39°40'. 


tan a= 1°73 = 1:2057, a= 50° 20. 


' Stated to the nearest degree these 

four values are : 

 . Insp. 14° to vert. or 76° to hor. 
Hap. 50° to vert. or 40° to hor. or 


have to acknowledge the assistance of my daughter, M. D. Waller, 


for the calculations involved by the comparison of results obtained a 
_Einthoven’s method and by my formula. : 
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dit tas te te toad’s ventricle. 
By THOMAS Lewis", (Preliminary communication.) 


(Cardiographic Department, University College Hospital 
Medical School.) 


The toad’s ventricle has been cuisine by two methods (1) by 
charting the arrival of the excitatory process at various surface points — 
and at certain points in the interior of the ventricle ; (2) by calculating 
the electrical axis and studying its movements during the initial stages 
of systole. _ 

toad’s heart from within outwards. Direct readings show that the 
lining of the ventricular cavity is first activated in the region of the 

_ A.V. ring, later readings are obtained from other parts of the lining ; 
the latest readings are taken from the external surface. Surface readings 
show that the central region of the muscle is first activated externally 
and the base and apex later and almost simultaneously. In toads’ 
hearts which show an S deflection in axial (extracardial) leads, the base — 
of the ventricle is the last to be activated; where there is no 8, the 
apex is last. 

The electrical axis, while the whole of the chief deflection R is 
inscribed, forms an almost constant angle of about 90° with the hori- 
zontal, That is to say, the excitation wave passes on the average in a 
base-apex direction. If an S deflection terminates the initial phases, 
then the angle abruptly changes to — 90°, showing that the average 
direction in which the excitation wave progresses has altered to an 
apex-base direction. 

The surface and lining readings cover the whole period of the initial 
_Phases (R and 8) of the axial electrocardiogram. These there- 
fore, correspond to the activation of the muscle. 

Briefly, the excitation wave in the toad’s heart commences at the 
ring and passes directly downwards in the processes of ventricular 
muscle which spread radially in the interior of the ventricle to the 
apical and central region. It also spreads towards the base along a 
curved path which eventually is directed upward. The paths to apex 


and base are sometimes of equal length, but more usuall the to 
the base appears to be the longer. é — 


' Working under the Medical Insurance Committee. 


“> 
3 
Ds 
| 
| 
a 
a 
ow 
; 
t 
be” 


SOCIETY, JUNE 5, 1915. xxxvii 


Thus although the general direction of travel is a base-apex direction 
over the greater part of the period of activation (corresponding to R); 
nevertheless the basal muscle at the surface is usually activated later 
than the apical muscle at the surface, and is responsible for the last 
initial deflection 8. 

There are weighty objections to the earlier interpretations of curves 
from base-apex leads, where the contacts of these leads lie in immediate 
contact with the ventricular muscle. 
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Illustrations of muscular tissue in the auriculo-ventricular 
valves of the mammal’s heart. By A. F. Srantzy Kent. 

In a series of sections passing through the segments of the 
auriculo-ventricular valves of the hearts of mammals individual — 
sections may be found in which it is possible to establish the 
existence of muscular tissue in the valve segments in considerable 
mass, 

The existence of this muscle does not appear to have been gen- 
erally recognised, although Gustav Mann? figures two masses of 
‘non-striped muscle in the mitral valve.of man, one in the “tunica 
media” of the auricular endo-cardium, and a second which he suggests 
may act as a constrictor of the auriculo-ventricular opening. 

_ ‘The muscle referred to in the present communication is striated, — 
of character similar to that forming the walls of the heart's chambers, 
and it is continuous with the muscular substance of the auricular wall. 
i. ia accompanying photograph it will be seen that the muscular 
tissue is present in the flap of the valve and forms more than a half of 
its thickness, it is situated towards the auricular surface, and it 
extends for a very considerable distance into the flap. ; 


1B, A. Schafer. Textbook of Microscopic Anatomy, p. 838, Fig. 499. 1912. 
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‘In the microscopical specimens exhibited a similar condition is 


- geen to be present in the tricuspid and mitral valves in the hearts 


of cat, rat, dog, rabbit, and man, 

The distance to which the muscle penetrates the valve is variable, 
-as also is the relative abundance of the muscular tissue in different 
sections. Even where the distance reached is small, however, the 


muscle of the auricular wall is seen to into the fis the 


mechanical arrangements are such as to lead ‘to an elevation of the 
valve flap as a result of the contraction of the muscle. 

The, muscle can be shown to take its origin from, and to be 
continuous with, the muscular substance of the auricular wall, and 
there is reason to suppose that the valvular muscle contracts in 
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sympathy with the auricle, and as a direct result of impulses derived 


from 


It is suggested that muscle in the situation described and with 
the connections shown is likely to exercise an important function in 
connection with the closure of the auriculo-ventricular valves. 


This research has been assisted by grants from the Government 
Grant Committee of the Royal Society, from the British Association 
for the Advancement of Science, and from the Research Fund of the 


Some points concerning the sartorius muscle. ee W. Bur- 
RIDGE. (Preliminary note.) — | 


The heat rigor effects described by Burridge and Scott* used as an 
analytic agency give the following among other results. 

The sartorius muscle is divided into three ohare of equal 
contractility, a, 8, and 8 
The simple twitch of a muscle immersed in Ringer’s solution 
utilises a variable amount of a and 8. Complete tetanus utilises — 
the whole of a, 8, and 6. 

The primary contraction by the application of 1 
nicotine to the muscle also utilises a variable amount of a and 8. 
If the amount so utilised in any one muscle be less than the whole 


of @ and 8, the curarised opposite control muscle may then contract 


to the full extent of a and 8. When 1°, nicotine utilises the whole 
of a and 8 in the non-curarised muscle, it evokes an equal primary _ 


- contraction from the curarised. 


The nicotine rigor contraction evokes the full activity of a, 8, and 8. 
The same is generally true of the rigor contractions induced by other — 


"agencies. 


‘The veratria contraction utilises a variable amount of a and 8. 

It appears also to be generally true that drugs which evoke 
contraction from the sartorius in two stages evoke the first stage 
from @ and 8 but to a variable amount. : 

The salts of potassium and calcium influence those contractions 


obtained only froma and 


® Proc. Roy. Soc. B. Vol. txxxviut, p. 587 et seq. 1916. 
These Proceedings, p. iii. 
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Note on the use of cane sugar in perfusion. By W. Burrince. 

The effects following the replacement of sodium chloride by an 
isotonic equivalent of cane sugar depend in part on the pre-existing 
balance between the sodium and the calcium. If the former pre- 
dominates suitable replacement of some sodium by cane sugar enables 
the period of visible activity to be prolonged. It is possible thereby 
to treble this period. If, however, the calcium predominates replace- 
ment of sodium by cane sugar is detrimental to cardiac activity, 
as judged by what might reasonably’ have been expected from the 
original solution. The time of visible activity may thereby be halved. | 


Note on cardiac excitability. By W. Burrincr. 

There‘was given in a note’ previously contributed to these pro- 
_ ceedings by the present author a method whereby the maximum 
contractility of a frog’s heart could be directly ascertained. This 
maximum contractility was further indicated to possess certain 
characters suggesting it to be a cardiac constant. Subsequent work 
has shown it may be utilised to express certain’ features in the 
action of drugs. 

The method depends on ascertaining the conditions necessary to 
evoke contractions of half this maximum amplitude. The action of — 
ete. is then found to fall within — of the- 


2 is tension of calcium in the 


hood of the excitable substance, y the state of the heart at the 
time of trial; and @ the maximum cardiac contractility. | 
- Most drugs influence both the factors # and y. ‘y,’ however, 
cannot be properly appreciated by the more usual perfusing methods. 
For example, it has been missed hitherto in experiments with barium 
although it is the finally predominant factor in the action of that 
element. And it is then also of such a character that drugs of 
the digitalis series act as an antidote to this action of barium.” On 
the other hand the more impediagely’ apparent actions of barium — 
are greatly modified by the factor ‘y’ and that factor can be 80 
altered by digitalis as to greatly reinforce these actions of barium. 
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Similar mutual relations of antagonism and reinforcement have 


been discovered between many other drugs. Their discovery has 


not been dependent upon the method of trial and error. The action of 
the substances on the factors ‘z’ and ‘y’ is first systematically ascer-_ 
tained and the results so obtained then combined. — They are consonant 
one with the other. 

It. will be further observed that if the factor ‘a! be kept con- 


_ stant, any change in ‘y’ will be manifested as changes in amplitude, 


Also that ‘excitability can be _— as a function of calcium. 


Tae condenser of platinum By Many 
D. WALLER. 


For leading-off heart currents from the body it has been cus-- 
tomary to use (1) unpolarisable electrodes, (2) platinum electrodes 
which of course are polarisable. Waller has preferred the latter 


Fig. 1. Platinum volt. 
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because they have allowed the circuit to be simplified by the 
omission of a compensating current. 

If a small voltage (xeso—the Volt) is sent through a pair of 
platinum electrodes in salt solution (6°/,) placed in series with a 
string galvanometer the string is momentarily deflected but rapidly 
(in about J, sec.) returns to its zero position. It appears that 
platinum electrodes act like a small condenser in the circuit, that 
platinum electrodes are self-compensating (Fig. 1). 

If the platinum electrodes are replaced by zinc electrodes and 
the same voltage is sent through them a deflection is obtained which 
remains as long as the applied Emr. (Fig. 2). 

A second, a third, a fourth ;j,,;th volt may be udded to the 
EMF. in the circuit containing platinum electrodes and each time 
there is the same momentary deflection. In general it is found 
that voltages which under other circumstances would send the string 
flying off the scale may be safely sent through in steps with platinum 
electrodes, and the string will return to its zero position (Fig. 8). 

On the other hand with zinc electrodes, the effect of successive 

volts on the deflection is additive (Fig. 4), 


Fig. 3. Platinum ,}, volt in 10 steps, 


Fig. 4. Zine yhy volt in 10 steps. 
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The deflections are in all cases exactly proportional to the — 
sital EMF. so that the calibration of electrocardiograms with 
these electrodes is possible, — 

Thus it appears that. platinum electrodes are specially adapted 
for work with very sudden potential changes, i.e. of the order below 
0°02”, whereas for enduring alterations of potential zinc electrodes 
should be used. The platinum electrodes will of themselves wipe 
in the circuit, 


The influence of ting upon the rate of the heart 
By F. A. BAINBRIDGE, (Preliminary communication.) | 


It is well. known. that when. hydremic plethora, or plethora, is 
rapidly produced in a normal animal, the heart is accelerated, and 
the experiments here described deal with the cause of this accele- 
ration. The plethora was produced by the injection of blood or 
normal salt solution into the jugular vein in dogs, care being taken 
to keep the temperature of the injected fluid at, or just below, 
the rectal temperature. 

(1) The acceleration is clearly reflex in origin, since it does 
not occur when hydremic plethora is produced after division of the 
vagi and cardiac accelerator nerves and ligature of the suprarenal 
veins, Moreover Starling and Knowlton have shown that the rate 
of the heart, when it is isolated from the central nervous system, 
is unaffected by any change in the circulatory conditions so long 
as the temperature of the circulating blood remains constant. 

(2) When the cardiac accelerator nerves are divided, and the 
suprarenal veins ligatured, the vagi being left intact, hydremic 
plethora still produces acceleration of the heart. Conversely, if the 
vagi are divided, while the cardiac accelerators and the suprarenal 
glands are not interfered with, and the heart is slightly slowed by 
the injection of a small dose of pilocarpin, hydremic plethora produces 
no appreciable increase in the rate of the heart. The efferent path 
of the reflex therefore is chiefly the vagus, and the acceleration is 
due to a diminution of vagus tone. 

(3) ‘The acceleration may take place without any change either 
in the arterial blood-pressure or in the respiratory movements, and 
without muscular movement, so that the recognized causes of reflex 
cardiac. acceleration do not. — The acceieration 
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jis accompanied however, as cardiometer tracings show, by dilatation 
‘of the heart, and there is reason to believe that the dilatation sets 
up impulses which, travelling up the vagus nerve, lessen the tone 
of the vagus centre, and reflexly quicken the heart, In the first — 
place, when the plethora is abolished by bleeding the animal, the 
heart ceases to be dilated, and at the same time its rate is slowed. 
Secondly, the rapid injection of a small quantity of blood or saline 
- solution produces a temporary acceleration of the heart, and the 
occurrence of acceleration in these circumstances seems to depend 
upon the rate of injection, that is upon rapid dilatation of the heart, 
rather than upon the amount injected. 

It is probable, therefore, that increased venous. filling of the heart 
in the normal animal reflexly brings about quickening of the heart rate. 


Variations in the ‘leak-point’ in diabetes. I. A low level. 
By Grorce GRAHAM. 


A series of cases has been described in which sugar appears in. the 
urine although the blood sugar is little if at all raised. The cases 
described by Klemperer, Liithje@, Bénninger@), all had obvious 
kidney lesions, but the cases described by Weilandw and Garrod, 
and some of those by Salomon@, showed no sign of any disease of 
the kidney. In the latter group of cases the sugar output was 
Increased after a carbohydrate meal, and as only isolated determina- — 
tions of the blood sugar were made it is possible that the blood | 
sugar was raised after the meal. 

A case of this kind has been investigated by giving a carbohydrate 
meal and estimating the blood sugar at hourly intervals by Bang’s 
method, as well as the sugar output. The figures for a bealthy adult 
are given as a comparison. 
DW. H. aet 32. Glycosuria detected 5 years ago. An unrestricted 
diet has been eaten for most of the time and the sugar output is about — 
10 to 30 grms. per day. The blood sugar before a meal and after semi- 
_ starvation for 24 hours has varied from 0°10 to 0:13 and sugar has 
always: present in the urine, 


May 28. Oatmeal grms, 56 ‘Toast grms. 56 


.. Sugar content about 60 grms, . 
meal hr. 14 hrs. 24 brs. hrs, 


Blood sugar in grms. per cent. O16 011 0°09 0-075 
Night uriné for 8 hours = 8-0 grms. = 0°87 grm. per hour. | 
ist 8 hours after meal = 8°75 grms, = 1-2 grms. per hour. 
to 6th hoar = 0°5 grm,. = 0°25 grm. per hour. 
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June 26... Meal=100 grms. of dextrose. 


Blood sugar in grms. per cent. — 
Before the ~ 
meal 1 hr. 2 hrs. 3 bre. 


0°10 0°22 0°16 018 
Night urine for 8 hours =1°6 grms. grms. per hour. 

Ist 2 hours after the meal=9-°7 grms, = 4°85 grms. per hour. 

8rd hour = 2°4 grmsg.=2°4 grms. per hour. 


G. @ & healthy adult. 


Meal=oatmeal 56 grms. 
carbohydrate content=about 60 grms. | 
> Meal=190 grms. of dextrose. 
| Blood sugar in grms. per cent. 
Expt.l 0138 — O18 — O16 O16 012 0:18. 0:12 Lunch O17 
Expt. II (O18 0-17 0-22 0-22 *021 O18 O16 O16 06°12 nothing 


No sugar excreted in the urine on either occasion. 


In the case of D, W.H, the sugar output was greatest after a meal, 
but the amount of sugar excreted was very small in comparison with 
the carbohydrate taken. The blood sugar rose markedly in the first 
half-hour and was still raised 1} hours after the meal and coincided 
roughly with the time of the sugar output in the urine. The increase — 
in the blood sugar was 0°06 and was equal .to the rise in G.G., who 
excreted no sugar although the blood sugar rose slightly higher. 
After 100 grms, of dextrose the blood sugar rose to 0°22 and had not 


_ quite fallen to its original level 3 hours later. The maximum excretion 


of sugar took place in the first two hours. These results point to the 


| _ view that the kidneys allow the sugar to escape more easily, but that 


the leak chiefly occurs when the blood sugar is at its highest after a 


REFERENCES, 


(1) Klemperer. Berlin Verein f. Inn, Med, 1896. 

(2) Liithje. Miinch, Med, Woch. Bd. xiv, p. 1471. 1901. 

(8) Bénninger. Deutsch. Med, Woch. Bd. xxxtv. p. 780. 1908. 

(4) Weiland. Deutsch. Arch. f. klin. Med. Bd. cu. p. 167. 1911. 
(6) Garrod. Proo, Ass. Physicians, Quart. J. of Med. Vol. vm. 1914. 
(6) Salomon. Deutsch, Med. Woch. 1914. 


: 
x 
4 
4 + 
f 
4 
§ 
fi 
“ad 
<j 
ber 
3 
4 
¥ 
= 
E 
<i 
3K od 
a 
x 
by 
‘ 
= 
id 
we 
5° 
7 
ad 
¥ 
wag 
cf 


xlviii PROCEEDINGS OF THE PHYSIOLOGICAL 


Variations in the ‘leak- point? in diabetes. II. A high level. 
By Grorce GRAHAM. 


It is generally stated that sugar appears in the urine when the level 
of the blood sugar rises above 0°18 to 0°20 per cent. Hyperglycemia 
without glycosuria has been observed in acute fevers and in — 
and 0°28 is the highest figure recorded in fevers(.. ; 

raising of. the leak-point seems to occur in 
for two cases have now been observed. 

Case 1, A man (recorded by. onde ihn 34 years ago had 
diabetes which did not respond readily to the usual treatment. After . 
8. months. he ceased to pass sugar and since then has eaten an ordinary 
diet and has occasionally passed a small amount of sugar. In Nov., 1914 
the blood sugar was 0°26 and 0°27 per cent. on two occasions although 
no sugar was present in the urine. But in June, 1915 a small amount 
of sugar was passed after a carbohydrate meal ea? the blood sugar 
was only 0°19 percent. 

Case 2. E.S., a man act 26, with severe diabetes which was 
recognised in Feb., 1915. The blood sugar was 0°50 on admission 
to hospital. 

Estimations of the blood sugar were made immediately hislots and 
14 to 2 hours after every meal on two successive days on three occa- 
sions, and the agrees for one — are as follows :— 


April 9 and 10. 
DayI Diet Carbohydrate 40 grme. Proteins and fat to 2400 calories 
Day Fluids only (no milk) 0 calories 
60am. 7.30 9.0 10.30 22 86062350 40 6.0p.m. per 12 hours 


0-36 038 0°32 030 029 030 0:33 035 45 grms. 
DayII 0°30 028 080 029 030 027 0:27 0-29 2 grms. 


During the 12 hours 45 gtms, of sugar were excreted and 58 grms. 
: by night. But duriug the 12 hours of the hunger day only about 
2 grms. of sugar were excreted and none during the night, although 
the blood sugar at 6.0 am. was still 0-29 per cent. 

In the other experiments when vegetables, butter and eggs to a 
caloric value of 1000 were eaten for 4 days the blood sugar remained 


at 027 per cent. on the first day although very little ‘sugar was 
excreted. | 
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he the succeeding days on the vegetable egg diet the blood sugar 
satin fell to 020 per cent. by the fourth day. These figures are 
very different to those obtained: in two other diabetics on the same diet, 
for the blood sugar fell to 0°20 and 0-18 per cent, by the second day 
and ho sugar was excreted in the urine. 

“In the case of E. S. as in F.C. the leak-point does not seem constant 
for 2 months later when his sugar tolerance was much increased and 
only 30 grms. of sugar were excreted per day on a diet containing 
24 grms. of sugar, the level of the blood — was 0°22 per cent. 


‘and the leak-point was at 0°18 per cent. 


It seems therefore that under certain conditions in diabetes the 
blood sugar may be raised to over 0°25 per cent. without glycosuria 
occurring. Such a raising of the blood sugar would seem to be of 
the nature of a mechaniam. 


REFERENCES. 


-Q) VonNoorden, Die Zuckerkrankheit, Berlin, 5th edition, pp: 105, 107. 
(2) Garrod. Lettsomian Lecture II, Lancet. 1912. 


The origin of the deflections Q, R and 8 in axial electro- 
cardiograms of the By Tuomas LEwis'. com- 
munication.) 


1. “Q,.” the first deflection of many electrocardiograms, is due in 
most dogs to activation of the septum from the left bundle division; the 
chief evidences for this statement are—(a) that the earliest reading of 
an intrinsic deflection has been obtained from the septum beneath the 
aortic valves; (b) that the corresponding electrical axis has a usual 


- direction from left to right’; (c) that Q is almost always constituted by 


the levogram?; (d) that Q is absent iu axial electrocardiograms. from 

the toad and tortoise in which animals no septum exists. 7 
To this origin of Q I attribute its relatively sa ia — in 

lead F in the dog. | 


1 Working SPT the Medical Insurance Committee. 
2 In some instances the direction is almost vertically upward ; the exact manner of 


. Q's production in these circumstances is somewhat uncertain. 
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2. “R” is in greater part aright and in lesser part a left ventricular 
effect and is mainly due to the progress of the excitation wave down 
the septum and its adjoining structures. This conclusion is based :— 
(a) upon the interpretation of R’ in the levogram and dextrogram 
respectively: in the levogram R’ represents an average movement of 
the excitation wave downward and to the right, in the dextrogram a 
movement downward and to the left ; (6) upon the observation that the 
upstroke of 2 is written before any surface reading is obtained, and is 
at its height when the surface potential is fully developed over the 
thinnest region of the right ventricle in the central region of the heart; 
(c) upon its consistency with such septal readings as have been obtained. 

8, A division of R, or notching of R, is explained by lack of 
synchronism between the summit of R’ in the levogram, and the second 
or main turning point ; and this in turn is due toa balance between the 
ascending limb of R’ in the dextrogram and the descending limb of 8’ 


in the levogram, These conclusions are based upon an analysis of the — 


composite parts of bigrams. — 

4. “,8” is known to result from an upward movement of the excitation 
wave through the basal and lateral wall of the left ventricle, because: — 
(a) S is always contributed solely by the levogram ; (6) it corresponds 
to an outwardly and upwardly directed electrical axis; (c) the conclusion 
‘is consistent with surface readings from this part of the ventricle. 


. Polarisable as against non-polarisable electrodes. By 
THomas Lewis’, 


That non-polarisable as opposed to polarisable electrodes must 
be employed in accurate electrocardiographic work is re-iterated by the 
present communication, A. If an EMF. of 1 millivolt is introduced 
(Fig. 1 in) into the simple closed circuit of a properly tuned string 
galvanometric recorder, and is cut out later (Fig, 1 ou#), the record 
is as here depicted. It represents, as accurately as modern instru-— 
‘ments will permit, the flow of current through the fibre. B. If 
the millivolt is introduced into the same. circuit, in which is inter- 
posed a pair of non-polarising electrodes, separated by a fixed 
interval of normal ‘saline, then, providing string tension and total 
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circuit resistance remain unaltered, an identical record is obtained 
(Fig. 2). C. But. if, in similar circumstances, polarisable electrodes 
(of platinum) are utilised, the record suffers distortion. If the electrodes 


polarise slowly, distortion is present (Fig. 3); if they polarise rapidly, 
distortion is the greater (Fig. 4). Distortion is due to the rapid 


development and maintenance of a charge on the surface of the — 


Fig. 1. 1 millivolt was introduced into, and cut out of, a simple closed circuit. Circuit 
resistance = 4800 ohms (string 2800 ohms; added resistance 2000 ohms). The 
excursion of the fibre is “dead beat” as it should be, and 10 scale divisions in 
- amplitude. Fig, 2. 1 millivolt similarly introduced into, and cut out of, the same 
circuit containing non-polarising electrodes. Total circuit resistance 4800 ohms 
(string resistance 2800 ohms; electrodes and salt solution 1850 ohms; added 
resistance 150 ohms). Figs. 3 and 4. 1 millivolt introduced into, and cut ont of, 
the same circuit containing polarising platinum electrodes ; total cireuit resistance 
- 4800 ohms (string 2800 ohms; electrodes and salt solution 250 ohms; added resist- 
ance 1750 ohms). The sensitivity of the string was constant throughout the series, 
Fig. 6. Human electrocardiogram taken by means of the non-polarisable electrodes — 
(of Fig. 2); standardised so that 10 scale divisions=1 millivolt. Fig. 6. Curves 
from the same heart and lead, taken with polarising platinum electrodes (of Fig. 4). 
The total circuit resistance and string sensitivity were identical in the case of the 
two electrocardiograms. 


electrodes, while current is flowing through them. In the second 
figured instance of polarisation (Fig. 4), («) the amplitude of the 
initial deflection, produced by the £.M.F. introduced, is materially 
reduced, owing to the rapidity with which polarity develops; 
see although the EMF. is maintained, the string returns to zero, 

and (c) on cutting out the EMF, the string is deflected across 
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the’ zero: line, by the now unbalanced: charge on the ‘electrodes. 
All these effects are clearly defects in the record... 

If with readily polarisable electrodes @ true record of a simple 

current change is unobtainable, it is unreasonable to believe that 
complex currents developed by the heart beat will be accurately 
recorded,...In point of fact, the resultant distortions can be predicted, 
The upstroke of an initial deflection R will be reduced in amplitude 
because it will be neutralised by the developing polarity, As R sub- — 
_ sides, the string will deflect across the zero line and will produce an 
_ artefact resembling (if is not present) or exaggerate S Gf 8 is 
present); the final summit 7’ will be similarly reduced in magnitude 
. by neutralisation, and will be followed by an artificial depression as 
‘ T' subsides. That such distortion actually results is clearly shown by 
_ Figs, 5. and 6 in which each of these changes is to be observed. 
In electrocardiography the use of electrodes which polarise appre- 
- ciably is indefensible, because (1) it is impossible to accept the 
standardisation of the corresponding curves against a known EMF. 
and (2) because the curves themselves suffer material distortion. 


 gimple for obtaining a deoerebrate 
of the cat. By ©. S. SHERRINGTON. 


apparatus of a wooden ‘supporting an inclined 
block on the front face of which slides a yoke-piece fixable at 
the desired height by a clamp.. The head of the deeply anwsthe- — 
- tised animal is given a suitable inclination by inserting into the 
mouth the upper edge of a steel plate fixed to the front face of 
the inclined block under the sliding yoke-piece, and resting the 
head upon the-block. A flange running upward from the steel 
plate lies above the tongue in the mouth, and the upper edge of 
the steel plate to either side of the tongue-guard presses against the 
anterior edge of the ascending ramus of the lower jaw close ventral 
(posterior) to the point (Fig. A) at which the line wv meets that 
border of the ramus, and thus opens the jaws-to the desired angle. 

‘The apparatus is used as ‘follows. The animal being deeply 
acieitilsaliaedl the cafotids are ligated at the cricoid level, and through a 
medium’ lengthwise scalp incision the top of the cranium is exposed. 
A point 30.mm. behind the coronal. suture is then marked off on the 
mid-dorsal line of the skull, The animal is then placed on the 
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decerebrator, which is set. on a low table. A knife with a planing 
tool edge and shaped somewhat like that employed in the Cathcart 
microtome is then set vertically transversely across the skull at the 
point marked off behind the coronal ; the knife is held by a wooden 
handle in this position, and a few blows from a mallet drive its © 


The figure A shows the position of the head given by the decerebrator and the line (vv) 
of the plane of severance effected. %, the median profile of tentorium cerebelli. 
h, the hyoid. 1, the atlas, 2, axis. 3, third cervical vertebra. The two posterior 
arrows indicate the position of the left vertebral artery as it runs hidden within 
the bone; the anterior arrow indicates its course where emergent from the canal in 
the wing of the atlas. The anterior beak of axis is indicated in broken line for 
that part which is removed with bone pliers for the application of the ligature 
_ (marked in dotted line) tightened prior to decapitation between atlas and skull in 
- making a surviving decapitate preparation. Fig. B shows the same parta seen 

_ from above. The seat of the ligature employed in the decapitate preparation is 

that where compression is usefully applied to any hemorrhage that miay 
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blade vertically downwards through the skull, It follows the line 
wv in the Fig. A. The preparation is then taken from the apparatus 


- @nd transferred to the experimental table for any further use. 


Hemorrhage does not usually give difficulty ; should it do so this 
‘is met by keeping the neck well raised above the trunk and by a 
few minutes’ compression, with finger and thumb, of the vertebral 
arteries, behind the lateral wings of the atlas, in the place where 
(Fig. B) compression is applied by ligature in the method for the 
surviving decapitate preparation previously re (Jnl. of Physiol. 
Vol. p. 375. 1909). | 
The severance effected by the knife takes the line wv Fig. A. It 
removes the head along a transverse plane sloping from near the 
inion past the mandibular joint and emerging through the base of 
the coronoid processes of the lower jaw. The tongue, protected by the 
tongue plate, remains intact. The plane passes between cerebrum 
and cerebellum, shaving off the extreme posterior tip of the occipital 
lobes of the former (which lie loose in the remnant of skull), and 
often (with the median slip of the bony tentorium, f, Fig. A) a thin 
shaving from the frontmost surface of the cerebellum. The basal 
ganglia and both the colliculi are removed with the cerebrum. | 
The preparation exhibits decerebrate rigidity, and the reflexes 
of swallowing and respiration are readily obtained, and easily studied | 
by inspection i pharynx and larynx owing to the free exposure 
of the fauces. Blood-pressure is practically normal and vasomotor 
reactions reflex as well as peripheral are easily elicitable. 
_ If im preparing for decerebration one of the carotids be merely 
clamped instead of ligated and after the decerebration be unclamped— _ 
a proceeding which does not as a rule involve hemorrhage and the 
hemorrhage if it occur is easily stopped by a dry wool pledget 
placed under the free face of the pons—the submaxillary region 
of that side is available for experiment, and corda tympani stimu- — 
lation and reflex salivation can be studied. The gland ducts are 
‘entirely intact and available for cannulae. 
The decerebrator is easily manipulated by one person without 
assistance. It has been in frequent use in the Laboratory now for 
upwards of a year and has worked satisfactorily in the hands of all 
those who have employed it. It gives greater regularity of the level — 
of ‘severance than is easily attainable by the ordinary operative 
method; it works also much more speedily.. After.the animal is 
anssthetised the procedure — about four minutes. 
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Note on the bronchiolar obstruction set up by irritant 


vapour and its relief by atropine. By end | 
GoLLA. 


The immediate object of the following chest vations was to ascertain 
the early bronchial (bronchiolar) effects of irritant gases and vapours, 


e and to test the value of various remedial agents. 


_ The animals utilised were cats, initially anmsthetised with ether, 
then pithed through the foramen magnum, and thereafter supplied 
with air by our aspiratory method of artificial respiration’. 

The “gas” (bromine vapour) was administered through a tracheal 
cannula, in high concentration, for 10-15 secs., and. produced (usually) | 
a rapid or (more rarely) a gradual obstruction of the air-way. 


This obstruction was in part due to muscular spasm, since it was 
relieved by atropine and other broncho-dilator drugs. It was in some 


cases accompanied by early and profuse broncho-rrhea, In one such 
case as much as 13 c.c. of clear reddish fluid was collected from tracheal | 
‘fistula in the course of half an hour. 

Injections of atropine, however, proved valueless in spite of repeated 
trials. on several animals (cats) in doses ranging from 0°5 to 100 
milligrams, 

Inhalation, on the other hand, of fumes containing atropine 
(smouldering stramonium) was, in varying degree, consistently suc- 
cessful. It appeared that the heavy “gassing” had so far obstructed 
(or arrested) the bronchial circulation that the bronchiolar muscle could - 
‘searcely if at all be reached through the blood stream whilst it. 
(bronchiolar muscle) still reacted to local application of dilator drugs. 

In less heavily gassed animals (rabbits) Cow has described relief 
from atropine given by injection’. : 

The relief obtainable from inhalation depends obviously on the 
| degree of ventilation of the air-way. Hence, with great obstruction 
and small ventilation this relief is small. 

‘When, however, ventilation is increased by augmenting the (arti- 
ficial) respiration, the dilatation from appropriate fumes is considerable. 


Golla and Symes. Proc, Physiol. Soe., This Journ, 1913; and 


Ji. of Pharmacology, v. 1918. 
2 Cow. Lancet, May 29, 1915. 
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Lateral tracheal pressure (menbenze et cat 
by rhythmio aspiration. 


at 


balanced by augmenting the aspiration. ee 
' the interval indicated, dilated the air-way 


Time tracing shows minutes. | 


The effect of some other drugs, on the condition in question, bas 
recently been described in the British Medical Journal’. 


2Bymes. B. M. July 8, 1915. 
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